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EXECUTIVE SUMMARY

This Executive Summary has been updated from the Executive Summary presented in the
Final Feasibility Study (FS), submitted in May 1993, to reflect information obtained from
the biological treatabiliry study, completed in September 1993. Specifically, Alternative 5 -
Biological Treatment has been modified based on the new information, and a biological
treatment component is presented for Alternative 3 - Closure, and Alternative 4 - Thermal
Treatment. This addendum is not intended to replace the detailed analysis presented in the
FS, rather it is intended to supplement the information presented in the FS based on the
current understanding of the feasibility of biological treatment at the site.

Standard Chlorine of Delaware, Inc. (SCD) is located approximately three miles northeast
of Delaware City, Delaware and is bounded to the north and east by property owned by
Occidental Chemical Company (formerly Diamond Shann-ock Company), to the west by the
Air Products Company and to the south by property owned by Star Enterprises, Inc. and
Delmarva Power and Light The SCD facility was constructed in 1965 on farmland
purchased from the Diamond Alkali Company which had purchased the land from
Tidewater Refinery Company.

SCD plant operations were started hi 1966 with the production of chlorinated benzene
including chlorobenzene, paradichlorobenzene, orthodichlorobenzene, and lesser amounts
of metadichlorobenzene and trichlorobenzene. Although operational production has varied
over the years, these chemicals are still the primary products produced at the plant.

As a result of a 1981 release of chlorinated benzene product, the SCD site was evaluated
by the U.S. Environmental Protection Agency (EPA), and the Delaware Department of
Natural Resources and Environmental Control (DNREC), and based on the results of this
evaluation, was placed dn the National Priorities List (NPL) in 1985. SCD is required to
complete a RI/FS meeting the requirements of the revised National Contingency Plan
(NCP) and the Superfund Amendments and Reauthorization Act (SARA) of 1986.
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As specified in the Consent Order and Agreement executed on 12 January 1988 (amended
14 November 1988) between the Delaware Department of Natural Resources and
Environmental Control (DNREQ and SCD, the FS for the SCD Delaware City, Delaware
facility has been performed to develop, screen, and evaluate alternative remedial actions for
the site. Alternatives are evaluated in terms of criteria specified under the revised National
Contingency Plan (NCP) and current United States Environmental Protection Agency (EPA)
Superfond guidance documents.

The national goal of the remedy selection process is to select remedies that are protective
of human health and the environment, that maintain protection over time, and that
minimize untreated waste (40 CFR 300.430). The overall approach followed by this FS
consists of the six major steps:

1. Project Scoping - Involves site characterization, development of remedial
action objectives, and identification of general response actions.

2, Identification of Applicable or Relevant and Appropriate Environmental and
Public Health Requirements (ARARs) - Involves identification of cleanup
standards, standards of control, and other substantive environmental
protection requirements, criteria, or limitations promulgated under federal,
state, or local law that are either potentially applicable or relevant and
appropriate to address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance found at the site.

3. Identification and Screening of Technologies - The spectrum of available
technologies were identified and screened based on effectiveness,
implementability and relative cost.

4. Development and Screening of Alternatives - Those technologies that were
retained are assembled into comprehensive alternatives that address the site
al* a whole. These alternative were screened based on effectiveness,
inipiementability, and cost Retained alternatives were carried into the
detailed analysis.

5. Detailed Analysis of Alternatives - Based on criteria specified in the revised
NCP and current EPA Superfund guidance.

6. Comparison of alternatives and recommendations.

DRAFT
N:SCDyFSA-ES.SCD ES-2 29 September 1993



Project Scoping

The development and evaluation of remedial alternatives is based on the site
characterization. Site Characterization involves definition of a site conditions based on the
site background, results from the Remedial Investigation (RI) which includes the Baseline
Risk Assessment. The RI was submitted as a final document in September 1992.

Summary of Site Conditions

The following paragraphs present the areas of concern as identified by the RI, and discusses
the issues concerning these areas.

Information gathered and evaluated during the RI indicates that site-specific chemicals
(chlorobenzenes) are present in surficial soils located in the on-site railroad track area. The
ballast in the railroad track area reduces the ability of the contaminant to migrate via
surface runoff. Additional protection against surface contaminant runoff is provided by the
sediment control barriers which were installed in this area and other site drainageways as
part.of the interim site remedial measures completed by Standard Chlorine.

As indicated by the Baseline Risk Assessment, dermal contact with soils accounts for the
majority of potential risks associated with possible exposure to site-related chemicals. Direct
contact with soils in the railroad area is limited due to the presence of the railroad ballast.
Additionally, human traffic in this area of the site is normally avoided because of the
general unsuitable condition, for walking or work activity. Similarly, contact to surface soil
contamination present in the on-site eastern drainage ditch will be limited and incidental
since this specific area is not normally traversed by workers or visitors.

*
Subsurface contamination, while present at significant levels in the immediate area of the
1981 release and in the vicinity of the catch basin No. 1 soil, is not being contacted by any
receptors. However, subsurface soil contamination in these areas, and other locations at this
site, represent a possible continual source of groundwater contamination.
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The RI analytical data indicates the soil and sediment quality conditions in some off-site
areas, particularly the northwest drainage gully and the unnamed tributary area, have been
affected by the 1986 release. The levels of site-related chemicals in sediments of the
unnamed tributary area are extremely variable, with the higher concentrations, generally
found in the area between the soil dike and the silt fence, a sediment barrier installed
subsequent to the 1986 release and maintained at the mouth of the unnamed tributary.
Sediment analytical data indicates that this silt fence has limited the migration of
contaminants into the Red lion Creek area and was effective at containing the majority of
the spill to the unnamed tributary area.

Potential ecological risks posed by the site-specific chemicals in the northwest gully and the
unnamed tributary are expected to be variable due to the nonuniformity of contaminant
distribution.

Potential human exposure to site-related chemicals in the unnamed tributary and the
northwest drainage gully are expected to be limited since these areas are located on
industrially-owned properties which have fences or natural barriers to access. Furthermore,
these areas represent unlikely areas of human encounter due to the unstable footing
conditions (i.e., steeply sloped and wetlands) that exist at these locations.

The risk of exposure to contaminants in the soil piles and sedimentation basin is not
expected to be significant Previous remedial measures completed by SCD have reduced
the potential for direct or indirect exposure to the soil piles. These piles have recently been
reconsolidated, from three to two piles, and outfitted with a new cover. This reduces the
potential for direct exposure to these materials, and further reduces the ability of the

^contaminants to migrate due to runoff from these piles. Exposure to the volatilization of
contaminants in the soil piles has also been reduced, but not eliminated, by the installation
of the soil pile covers.

Exposure to soil contaminants in the off-site effluent area is expected to be minimal, since
significant levels of the SCD contaminants were found to be both isolated in occurrence and
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deep in the soil profile. These contaminated subsurface soils, however, are a source of
localized groundwater contamination in this area of the site.

Site-specific chemicals are present in groundwater of the Columbia Formation beneath the
SCD site, and the off-site property directly north of the SCD facility. Groundwater samples
obtained from Upper Potomac aquifer wells located immediately outside of the boundaries
show no detectable levels of site-specific chemicals. The site-specific chemicals in
groundwater of the Columbia Formation have migrated to groundwater discharge points
along the unnamed tributary and Red Lion Creek. RI data indicates that surface water
quality impacts in the unnamed tributary and Red Lion Creek have resulted from the
discharge of contaminated groundwater to these surface water bodies. While site
contaminants exist in the Columbia Formation, the ingestion of groundwater as a potential
future exposure pathway is considered unlikely since potable water is currently supplied to
the site and a reliable source of potable groundwater is available off-site.

Development of Alternatives

The technologies that were retained following the identification and screening of
technologies were assembled into site-wide alternatives. The assembled alternative were
again screened for implementability, effectiveness, and cost. The following summarizes
remedial alternatives which have been evaluated:

Alternative 1 - No Action: Provides the baseline for comparing existing site
conditions with those resulting from implementation of other proposed
alternatives. Under the no action alternative, no additional remedial action
would be performed. Current remedial activities, such as groundwater
extraction and treatment, and maintenance of the sedimentation basin and soil
piles, would cease.

Alternative 2 - Containment: Involves implementation of institutional and
physical controls aimed at limiting site access to reduce potential future
exposure of human receptors. Physical barriers, such as security fences and
silt fences, would be installed to limit contaminant migration and direct
contact. An enhanced groundwater extraction and treatment, using additional
extraction wells and low volume product recovery 'wells, would be
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implemented. Readily accessible, highly contaminated surface soils would be
removed and stabilized, in situ, with the sediments currently in the basin.
Subsurface soils along the western drainage ditch, and the catch basin would
also be removed and stabilized. The basin would then be capped and closed.
Excavations, and the railroad track area, would be capped.

Alternative 3 - Closure: Involves installation of an enhanced groundwater
interception system to collect groundwater exiting the site. Low volume
product recovery wells would also be installed. Removal of readily accessible,
highly contaminated surface soils and sediments would be performed.
Subsurface soils along the western drainage ditch, and the catch basin would
also be removed. If implemented, in situ biological treatment would be used
to remediate those sediments exceeding response Jewels' in lieu of sediment
removal. Any removed materials would 'ungergo* ex situ stabilization/
solidification prior to consolidation in â ecfetrasted lined unit. The
sedimentation basin would be reconstmcted with %jgw liner, leachate
collection system, and cap prior to final cfesure.JExcavations, and the railroad

* A * -=,~H#«* .""if* •̂ •̂-.̂

track area, would be capped. Implementation of the instrMfional controls as
described under Alternative JL̂ WQuld aSo& performed.

Alternative 4 - Thermal TreatmhivohF^ installation of an enhanced
groundwater interĉ pti(tosystemfta.atffcceEroundwater exiting the site. Low

~̂'*%£&*~/P""1"'"* -ŝ K̂ t."'̂ M̂ f̂ f ~*2j(5r _ - , . _- - -„-, - _volume recovergwefls ft̂ prodixctpctraction would be installed. Removal of
readily accesŝ ĥighiŷ ttam&tted surface soils and sediments would be
performed̂  Subspxfiace IsaSjton̂ the western drainage ditch, and the catch

removed materials would undergo thermal
ckfill, or consolidation into the retrofitted (see

Altengtwe 3) segrnetitarion basin. Excavations, and the railroad track area,
would""b̂ p̂geŜ  As an option, all sediments above response levels would
be remb̂ gd-355 thermally treated, or treated in situ using biological
treatmentSShort term negative impacts would occur from excavation and
removal activities in the wetland areas, while the short term impacts are
expected to be less severe if in situ biological treatment is performed.

Alternative 5 - Biological Treatment: Involves installation of an enhanced
groundwater extraction system to capture groundwater exiting the site.
Recovery wells for product extraction would be installed. Ex situ biological
treatment would be performed on all surface soils and sediments above the

)nse levels. In situ treatment would be performed on the sediments
/e the response as an option to augment other alternatives.
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Evaluation of Alternatives —

In accordance with the NCP and EPA SuperfundT guidance documents, the following seven
criteria were used for evaluation of each of the site alternatives that were selected for
detailed analysis and represent the basis for comparing these alternatives:

Compliance with ARARs.
Overall Protection of Human Health and the Environment. .
Short-Term Effectiveness.
Long-Term Effectiveness and Permanence. .,-?f̂
Reduction of Toxicity, Mobility, and Volume of costaSunants.
Implementability. , :' ̂r\̂
Estimated Order of Magnitude (+50% to -30% accuracy) Cost

Highlights from the detailed/comparative analysis included the following;

Alternative 1 - No Action: Nol$d as having major limitations associated with:
compliance with ,AR&Rs, lobgrterm; effectiveness, reduction of toxicity,
mobility, or yoliSnê  '"'"anil overaJI protection of human health and the
environment.'Mere aremQcCOStsiincurred under this alternative.

Alternative 2;p CSBtainmeitB̂ Meets or exceeds short-term effectiveness,
implCTientabil%̂ M̂:Cpst criteria. A limitation of this alternative is the lack
of sediment remftraI«|%RARs may only be met in the long term. The
estimated- presentSvorth costs for this alternative is S3.5M.

'•;'?•''•< •'Ij.-fjf"

Alternativê  - Closure: Meets all non-cost criteria, including overall
protection of human health and the environment, and complies with ARARs.
Alternative 3 addresses those media posing the greatest potential for future
exposure to site contaminants, while providing several measures, including
stabilization, a groundwater interception barrier, and a new liner and
leachate collection system for the basin to prevent migration of contaminants.
Implementation of in situ biological treatment in the wetlands would enhance
the protectiveness, and effectiveness of this alternative. The estimated present
worth costs for this alternative is S6.7M.

Alternative 4 - Thermal Treatment: Represents a higher cost alternative but
removes the contaminants from the soils/sediment of concern and intercepts
groundwater migration. Implementation of in situ biological treatment in the
wetlands as part of this alternative may lower the cost, and lessen the short-
term impacts to the wetlands. The estimated present worth costs for this
alternative ranged from S11.7M to S17.6M.
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Alternative 5 - Biological Treatment: May meet all non-cost criteria if
performed ex situ. In situ application of the technology may be effective in
the wetlands. Implementability, and effectiveness would require further
evaluation during remedial design, but initial results from the treatability
study are promising. When optimized, this alternative removes contaminants
and may represent a cost effective alternative for handling contaminated
soils/sediments as a stand alone alternative or as a component within one of
the other alternatives.

Recommended Alternative

The remedial action alternative selected for this site njjjĝ jigress certain statutory
requirements of the Superfund Amendments and ReaudMrization̂ TCt (SARA) of 1986 as
follows:

1. Protect human health and toea

2. Comply with

3, Utilize MrrnaD̂ B̂ Eg55̂ TO_alreniate treatment technologies to the extent.. >&i"*r 1 .*_ nvM'yj'' i*£$̂  o~poss

Based on these stattsgry r̂ gtrements, and the information presented in the detailed
analysis of alteraativelfjffllsraative 3 (Closure) is recommended for selection as the
remedial action alternative. This alternative should be implemented hi a phased manner
to be most effective and address the primary contaminants' pathways first This
recommendation is supported by the following:

1. CjyeraH Protectiveness of Human Health and the Environment

Under this alternative, a groundwater extraction system, including an
interceptor trench and low volume product recovery wells, is installed
to capture groundwater that currently exits the site into the Unnamed
Tributary and Red Lion Creek. This will control contaminant
migration into these sensitive receptors, and allow natural attenuation
processes to degrade the contaminants in the wetlands.
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Accessible surface soils, subsurface soils, and sediments containing the
highest concentrations of contaminants are removed, treated, and
consolidated intorthe reconstructed sedimentation basin. Those surface
soils exceeding response levels that are not removed, are contained by
the use of surface caps. This reduces potential future exposure to
those materials.

All the sediments exceeding the response levels may be treated by
implementing in situ biological treatment. This would enhance the
alternative in all evaluation criteria categories. It is recognized that
further evaluation of in situ treatment would be required during the
remedial design phase. ^

Short-term negative impacts to the surrounding environment are
minimized. Extensive dredging actions, requiredfor other alternatives,
could have negative impacts on the wetland areaŝ Implementation of
in situ bioremediation would further lessen thesê mpacts.

Stabilization and containment of the removed materials, and
installation and operai|p:aca£the enhanced groundwater extraction and
treatment system proviSe, permanent remediation for affected media.

.-v:̂  ̂'.¥-&. Tftyg'- * -D*""

Comply with A|£5&Rs

Âl̂ î Ĵ̂ iOTpŜ ĥ all identified ARARs. Specifically, 1)
|S!irface;:wat̂ quality criteria are addressed through installation of the
"*̂  '*"*'£$" *̂ ™T*".fetercepliife trehdi, 2) land disposal restrictions are addressed byî c. r 'iSsBis *'"'•• >•>•.•»> .

;atmer®taBiIization) of removed materials prior to containment in
"ffiê basfil? 3) and the minimum technology requirement for
coibSEtfi&on of a landfill (in this case the basin) will be met by
reconstructing the basin with a new liner, leachate collection system,
and final cover.

3. Utilize Permanent Solutions and Alternative Treatment Technologies to the
Extent Practical

This alternative provides a permanent solution by stabilizing the
contaminated soils/sediments and containing them in a lined and
capped unit meeting RCRA tninimum technology standards.
Optionally, sediments would be treated permanently in place via
bioremediation.

Treatment technologies are employed for the recovered groundwater
using the plant's wastewater treatment system.
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SECTION 1
Ê TRODUCHON

This Feasibility Study Addendum (FSA) presents additional information to the Feasibility Study
(FS) as a result of the biological treatability study conducted as part of the FS at the Standard
Chlorine of Delaware, Inc. (SCD) Delaware City, Delaware facility. The Final FS Report has
been submitted to the EPA and the DNREC in April, 1993. During preparation of the FS, it
was apparent that biological treatment may offer distinct advantages over other treatment
technologies. A literature review conducted in response to thiŝ ^̂ mnation indicated that
biological degradation or transformation of certain chlorinated benzetieŝ may be achievable under

_ĵ §& SSt5* i|̂illi£!k

certain conditions. However, field-scale application of thiŝ process is limited. To support the
evaluation of bioremediation for soils and sediments1il||e Slgjiacility, SSStional information
concerning the ability of microorganisms tô degrade ̂ ^̂ r̂inated benzenes at the site was
required. A biological treatability study waŝ prcmed tajg|her this additional information!

1.1 PURPOSE AND <>RGANIZA.tIQN €» THE REPORT

This FSA has been prepared to;2Seipret the information obtained during the treatability study,
and revisit the biologicaLrem̂ STalternative presented in the FS based on this new information.
This report is not intendM to replace the detailed analysis presented in the FS, rather it is
intended to supplement the information presented in the FS based on the current understanding
of the feasibility of biological treatment at the site.

A summary ofSSe important findings and conclusions of the treatability study are presented in
Section 2 of thJ?FSA. In Section 3, the biological treatment alternative is revisited; including
discussions on "implementation and effectiveness of biological treatment. A comparison of
alternatives is presented in Section 4.
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SECTION 2
REVIEW OF TREATABILITY STUDY RESULTS

The complete summary of the findings of the treatability study are included in Appendix A. An

overview of the major findings and conclusions are summarized below.

2.1 OVERVIEW OF FINDINGS

All aerobic samples (including control samples) shoŵ af net reduction in total
chlorinated benzenes, typically by 50 percent or̂ j&p̂ during the test duration.
A net increase in total chlorides relative to ttieJsontrolsamples was observed in
one test case (subsurface soil sample), but.n€&c)6served ifitij&others (surface soil,
and sediment samples).•r '

A decrease in total chlorinated̂ benzeriesÊ  and an increase in total chlorides
relative to the control samples ;̂ |is:?otî rvê mthe anaerobic surface soil sample.
This trend was not observed iiffhe stiî jfacelfeil, or the sediment sample.

2.2

Presumptive evKSnciî .biological transformation of chlorinated benzenes was
. .'•••:-'•*• :,-̂SR'. "E~"̂ ^ *̂ '

exhibited, m the ameroiic surface soil, and aerobic subsurface soil samples.
" • ,'T'S<"rf% ••' -;::Ŵ^

The aeroMcfsurface soil and aerobic subsurface soil samples exhibited a high
•i|-£!'»-¥î' . JT D

initial rate of total chlorinated benzene losses. These losses are likely attributed
to stripping from the test slurry phase since a concurrent increase in total
chlorides was not observed.

Additional process development testing would be necessary to expand the
application of biodegradation to a wider range of soils and conditions; specifically
towards application in the wetland areas. Nutrient addition in these areas may
promote natural degradation of contaminants, as seen in the anaerobic surface soil
and aerobic subsurface soil tests.

The impact of these findings and conclusions is discussed in Section 3.
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SECTION 3
APPLICABILITY OF BIOLOGICAL TREATMENT TO THE SITE

In this section the applicability of biological treatment, in the context of the new information
gathered from the treatability study, is discussed. Attention is focused on application of
biological treatment to those portions of the site potentially requiring treatment, as identified in
the FS. Other issues relating to the application of biological treatment are also discussed.

The FS has presented two approaches to biological treatment: e}̂ r̂>rtreatment and in situ
treatment (Options A and B respectively). During the detattedansflysirof biological treatment,
it was noted in the discussions of several evaluation̂ êna (longtt:tieanai effectiveness and
permanence: reduction of toxicity, mobility, or volume^ contaminants; iMementability; andT̂ &sk. '<&&&**'' w
cost) that additional information would be provided upoijbgmpletion of the treatability study.
This new information is discussed for each op̂ ^̂ ĥernaft̂ S in the subsections that follow.
In addition, the results of the treat£t̂ ^̂ smdŷ ggesg5̂ ôlogical treatment may be used to
augment other alternatives prescĉ  in tl&FS. ̂ Caiscussion of the implementation of biological

SSfcŜ . .dMK&aSfe. "?£!&„ , _,, HffjiiL ̂ gjj$̂ î  , 3SP . , ,treatment, as part of tb&olher st&raatives,risalse'provided.

ALTERNATIVE 5.3.1

3,1.1 Process Ekscnntfon

The key components of Alternative 5, Option A, as described hi the FS are as follows:

• Removal - Removal of accessible surface soils and sediments above response
levels. The materials designated for removal are identical to those identified in
tbc FS for Alternative 4, Option B.

, Situ Biological Treatment - Treatment of the surface soils and sediments using
ex situ biological treatment. Recovered aqueous phase liquids will be conveyed
to the groundwater treatment system for treatment. Treated soils and sediments
would be used for backfill of the excavations, and those treated materials not used
as backfill would be consolidated into the sedimentation basin.
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Basin Reconstruction (if needed) - Installation of a new liner and leachate
collection system in the sedimentation basin. If treated soils/sediments do not
meet acceptable residual concentrations, a multilayer cap would be placed over
the materials upon completion of treatment activities.

Stabilization/Solidification - Addition of a stabilization/solidification agent, if
required, to the treated materials. This would be performed, if required, prior
to backfilling the treated materials into the excavations, or sedimentation basin.
Stabilization/solidification would be required if the treated materials (soils and
sediments) do not meet LDRs. Those materials being used as clean backfill for
the excavation would need to meet acceptable residual concentrations.

Enhanced Groundwater Interception and Treatment ̂TfSiŝ is the same program
as described in the FS for Alternative 4. ' ̂ ISQfe.

As discussed in the FS, implementation of ex sita biological treatmenf̂ ould be similar to
Vr- .;• ,'£>%*•

implementation of thermal desorption as discussed in 'theJESSf with a bioreactor or controlled
treatment unit being substituted for the thernŜ ĵrber. lie treatability study provided some
additional information into the implem®atation|olanexsStok slurry phase treatment system. If
the laboratory tests are to be ŝ fed-up Sr sitê aEnediation, the treatment system may consist
of a slurry-phase bioreactor eq«|̂ ^ witoVgndssiOT controls (if stripping is determined to be a

v̂ -ife''''-̂ ^̂ ®̂  'lilp̂ "significant treatment pechanisffl̂ . ̂ t̂menrro bioremediation off-gases with the off-gas from
'?j*J$L' *Mi4¥ ̂ lt«̂ .
&£•>!'&& '%&%&$• v̂,?';':"%,

the groundwater treatment systesi is--expected to be a viable method.•••.... ,.••-.;.. " -A&mi "'• •*•

3.1.2 Effectiveness
•——— ——— ————- -v.:

The flask tests performed during the treatability study can be considered representative of ex situ
slurry-phase biological treatment, as the treatment process performed in the laboratory can be
duplicated on a larger scale. Therefore, the results of the treatability study can be considered
indicative of the effectiveness of treatment one would expect during full-scale remediation.

The data from the treatability study showed significant reductions in total chlorinated benzenes
hi many cases. The reductions in chlorinated benzenes are presented on Table 3-1. The
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Table 3-1

Summary of Treatability Study Flask Test Results
Standard Chlorine of Delaware, Inc.

Sample
Matrix

Surface
Soil Flasks

Subsurface
Soil Flasks

Sediment
Flasks

Test Method

Aerobic

Anaerobic

Aerobic .

ĴT——-

Anaerobic
-̂

•sJL'

Aerobic

Anaerobic

C
N

NI

C

N

NI

c;.
,-s~*.j!£

••'»*'"
.i*_•*r

< - f* •**
-/,%&* *

Mil'•vLMRI

_--̂ l*

.;M
C

N
NI

C
N

NI

Total Chlorinated Benzenes

Average Initial
Concentration
(mg/kg)

3,807

2,395
1,422

2,577 ̂
3*291

•~̂ ,

" Ti. SIT
•• ' •̂ "«'™=-="̂ ^ A "t̂ T̂

-&&P

^ 457

^ 371

307
412

283
436

129

301

255

Average Final
Concentration
(mg/kg)

7&#

•
«-$£. •*.-v*' ^̂i".̂
.j''̂ ?̂-. fj itf <t\f

>" .,
• • •*• 'is*.,..-̂ 1-5̂  i 494

•-V̂ »
'"wk 1,499 -

142

232
70.0

808
1,227
532
43.7

53.7
40.8

240

349

298

Average %
Removed

98.15
97.52
94.73

29.49

54.60

42.03
27.92

52.46

83.09
-76.81
-230.73

-73.29
89.39

81.02
90.64

-86.05
-15.95

-16.86
NOTES:

C - Control flask.
N - Nutrient flask.
NI - Nutrient/inoculated flask.
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mechanism of treatment was not clearly indicative of biological treatment in many cases, but
chlorinated benzene concentrations decreased nonetheless. Stripping has been forwarded as one
possible treatment mechanism that may account fof the chlorinated benzene reductions. In the
event that stripping is determined to be a significant mechanism of treatment, proper emission
treatment measures would be implemented to control emissions.

The results of the treatability study showed significant reductions in the concentration of total
chlorinated benzenes of the test soils in many cases. This results in a reduction of the toxicity
of the soils. The volume of materials requiring treatment would increaseinitially if slurry-phase^̂ SJJP
treatment is employed; the water added to the soils would require treatment prior to discharge.
This short-term increase is offset in the long-term by aipl̂ rall reduction in the volume of
contaminated materials. The mobility of the contamffihts woold decreaŝ . as contaminated
media are removed, and treated.

Further testing of biological trê peÂ and'tfeenmia|oife-"of the other potential treatment
mechanisms, is required to icfeitify ffifê ultffl̂ jte effectiveness that can be achieved by
biodegradation, althougĵ the resSfeof the tr̂ gMtty study are promising.

:&S

3.1.3 Cost

Information provided by the treatability study suggests that emission controls may require
consideration, thus incurring some additional incremental costs. However, the cost ranges
provided in the FS, are still expected to be valid.

3.2 ALTERNATIVE 5. OPTION B

3.2.1 Process Description __
The key components of Alternative 5, Option B, as described in the FS, are as follows:

*

• In Situ Biological Treatment - Treatment of all materials exceeding response

DRAFT
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levels would be performed using in situ biological treatment. This would include:
surface soils, sediments, soil piles, and sediments in the sedimentation basin.
Subsurface soils underlying surface soils above the response levels would also be
treated.

Enhanced Groundwater Interception and Treatment - This is the same program
as described in the FS for Alternative 4.

Implementation of in situ biological treatment in the wetland areas is chosen for consideration
for several reasons. First, in situ transformation may allow for treatment of affected sediments
while minimizing disruption of these sensitive areas. In situ implemesnfia&on, by definition, does
not require the removal of the contaminated materials for treatment Second, the implementation
of biological treatment hi these areas could be carried out in. a timely manner. In the anaerobic

'•:•* -jjygte

surface soil sample, the treatability test results showed significantchlorinateMenzene reductions
•.*&&*

during the short duration of the study. Further developmenCof a biological treatment technology
%' "̂ Mjfeg

may have the potential for achieving similar results in sSiments. Third, in situ biological
treatment may offer a cost-effectiv̂ ^̂ ion to the contamination hi these areas.

J ĝJi—•* â gb '

Remediation of othê as: surface soils, subsurface soils, soil piles, and the
sedimentation basin̂ tre no loî ^ included as part of Alternative 5, Option B at this time. The
reasons for removSigiJthese mecfia Horn consideration for in situ biological treatment are
discussed in the effectf̂ |j»ss31scussion. Although Alternative 5, Option B is no longer a
complete, site-wide alternative, it should be considered as a supplement to other alternatives
(Alternative 3, Alternative 4, Option A) that offered a limited wetlands treatment strategy.

Based oa information gathered during the treatability study, the key components of Alternative
5, Option B would be as follows:

Wetlands

Hot Spot Removal - Hot spots, containing high concentrations of chlorinated
benzenes, would be removed using excavation and dredging techniques if these
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concentrations are determined to be toxic to the degrading organisms. The
determination of the threshold concentration of chlorinated benzenes would be
determined as part of remedial design. As stated, these hot spots would be
removed if it is determined that they exhibit inhibitive toxicity to the chlorinated
benzene-degrading organisms.

Amendment Addition - Amendments, including nitrogen, phosphorous, and/or
microorganisms (indigenous and/or acclimated) would be added to the
contaminated areas in the wetlands to promote enhanced biodegradation.
Common lawn fertilizer may be a possible source of the nitrogen and
phosphorous. To minimize suspension of sediments, the amendments may be
added to the water surface, and allowed to dissolve andjjnk into the sediments
via natural mechanisms. Addition of oxygen to promoije;:aerobic degradation is
not being considered since the treatability dat&Qsuggest that anaerobic
transformation may be effective. ,. |̂K

<*&'•• -•• 4?:̂;%
adv̂ ** ~ii°*-;.$v

Containment - To attempt containment oftfie enhanced biodegradation operation
to the unnamed tributary, an additional silt fence would be installed on the
upstream (south) side of the existing silt fence. This would set up a monitoring-'- *•'•: - °zone between the two silt

Monitoring - The pro|p£̂ v,of biixfegraiatkKr, would be monitored by collecting
periodic samples:£at six month taone year intervals) of sediments and surface
water from witl&the unnamed tributary.

' ' '"* '"

.

3.2.2 Efftectivemiss

The results of the biological treatability study did indicate evidence of biological transformation
when testing the surface soil under anaerobic conditions, and the subsurface soil under aerobic
conditions. Although convincing evidence of biotransfonnation was not noted for sediment
samples, this lack of evidence in the laboratory study does not necessarily preclude biological
treatment of these media. Many other variables, such as the initial concentration of
contaminants, the initial population of indigenous microorganisms, and other test variations, may
account for the test results. If these results can be duplicated in sediments, biological treatment
may offer a permanent m&ms of treatment of these areas without the adverse impacts caused by
dredging and excavation. Further understanding of the mechanisms of biological itreatment of
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chlorinated benzenes may allow for effective, permanent, in situ treatment of the sediments.

.Prior to implementation, the effects of amendment addition to the wetlands requires
investigation. Additions of nutrients, such as nitrogen and phosphorous, would change the
chemical balance of the existing wetlands. Introduction of additional microorganisms would also
require similar investigation.

Hie column tests performed as part of the treatability study indicate that a significant quantity
of chlorinated benzenes leached out of the soils during testing. Frô m̂s, one would expect
significant mobilization of contaminants to groundwater if̂ lô sifii biodegradation were

-*4 iĝ *1 "̂ *"?&<, -

implemented for the treatment of surface and subsurfacê soils. This presents a permanent
treatment of soils, however, the contaminants mobilizecBSo groondwater may either be removed-• -- *^ - v
by the proposed groundwater recovery system;: or may-pom into a dense non-aqueous phase
liquid (DNAPL) at the top of die Potomac FojmatronfeJn alhfcjbioremediation of surface soils,

&&3S& *̂ i~3̂ B[k- •Ctt̂ Ĥh.

subsurface soils, and the soil piles î terefore notbemgcomidercd under this alternative at this
time. It is acknowledged̂ lsoweverĵ that additional information gathered from future
biorexnediation studies may make'in "situ biorane3iation of these media feasible.

In situ bzodegradationj3f the ccmSminants in the wetland sediments would result in a reduction
of the toxicity of thesê pyjirnffnts. The volume of contaminated sediments would also be
reduced. The mobility oftne contaminants would be expected to be unchanged, provided that
the method of amendment addition is non-intrusive.

3.23

The informatiĉ gathered from the treatability study docs not provide information to modify the
unit costs presented as part of the FS. However, it should be noted that the simple addition of
lawn fertilizer to the affected areas would be inexpensive, and would fall an order of magnitude
or more below the low range of unit costs for bioremediation presented (expected cost of

DRAFT
F$_AJOD.3CD 3-7 29 Scptsabw 1993

flR308!39



$50,000 or less for fertilizer addition).

3.3 OTHER ALTERNATIVES

Other alternatives presented in the FS, specifically Alternative 3 (closure) and Alternative 4,
Option A (thermal treatment), proposed limited source removal in the wetlands. Implementation
of in situ bioremediation hi the wetlands offers a way to remediate these areas while avoiding
the drawbacks of excavation and dredging.

If implemented under Alternative 3 or Alternative 4, Option Ay in sita bioremediation would
- * ̂ ____ "̂l/'*:,

proceed as described above under Alternative 5, Option F:' The limfied sediment removal
*• *̂!%.• -T'ijsSSSfA

strategies proposed for these alternatives would be modified to jnclude onlvjfiot spot removals,
if necessary. The monitoring programs of the alternatives could also be adjusted to account for

4' • \the bioremediation of the wetlands. £**
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SECTION 4

COMPARISON OF ALTERNATIVES

In this section the alternatives presented in the FS are compared to the alternatives presented in
Section 3 to point out the major differences. Where changes have been made, or enhancements
have been suggested, the effect of the changes to the detailed analysis evaluation criteria is
discussed. Alternatives 1 and 2 are not included in this discussion, as no changes were made
or proposed to these alternatives.

4.1 ALTERNATIVE 3 - CLOSURE

The implementation of in situ biological treatment in the weUaads would'increase the overall
effectiveness and protectiveness of the alternative. Previously, limited removal and treatment
(consisting of removal of readily accessible, hî ŷ sitanimafsed sediments along the shoreline)
of contaminated sediment was pragffttCjhe fflggdEttsiJKm̂ f in situ biological treatment to this
alternative provides for a moreaggressive approach to remediation in these areas.

TfejHfiy «=-•=««» -SB _*. •*• -fflî S.

.̂ fejEĝ Sgjjjj
If in situ bioremediation is Sigjlemented in the wetlands, the short-term as well as long-term
impact to the wetlanfcwill require evaluation as part of remedial design. While bioremediation
may result in a permanept fiction in chlorinated benzenes in the wetlands, introduction of
nutrients, and potentially microorganisms may change the short-term chemical and biological
makeup of the area. It should be noted that dredging and excavation as originally proposed in
the FS may have a more severe effect on the area.

4.2 ALTERNATIVE 4. OPTION A - THERMAL TREATMENT

The issues discussed above, for Alternative 3, would also apply to Alternative 4, Option A. Use
of in situ biological treatment under this alternative would make this alternative more closely
resemble Alternative 4, Option B in its overall protectiveness.

DRAFT
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43 ALTERNATIVE 5. OPTION A - EX SITU BIOLOGICAL TREATMENT

No significant changes were made to this alternative. More information is presented concerning
the implementation, and expected effectiveness of the alternative based on the results of the
treatability study. The treatability study suggests that ex situ biological treatment can be carried
in the slurry-phase under certain conditions. More investigation is necessary to determine the
process (aerobic or anaerobic) that would result in the most effective treatment. Also, more
investigation is necessary to verify that treatment can be performed on the sediments of the site.

4.4 ALTERNATIVE 5. OPTION B - JN SITU BIQÎ GIĈ T̂REATMENT

This alternative has been modified to reflect the infomatoon gatteed fronf tfetreatability study.
^Several media, including surface soils an̂ ŝurfâ r̂oils, have been eliminated from

consideration of in situ treatment based on the results SEcolumn testing performed in the
JP§i§3». "̂ sSifSellfeu ŝllsslSi&«

laboratory. Laboratory column testmg shoŵ i a tencfen̂ for contaminants to mobilize when
the subsurface soil was saturated, thus generating leachate that would be expected to enter
groundwater if perfonaeSat tlifesabfĉ Stlfefeh this would perform treatment of the soils, the

"'Ŝ^̂!̂"̂'1 '•'''' '̂'"Ŝ '̂" ^̂ ^̂ ^
.>4i3fl|p "• -;&, tr'rtt̂ r '"̂^

leachate would hapfea detrimeotal meet on groundwater quality.
•v&s.ttsfl£&. ..*.&. ±*, ->•-&!£..'.•,•, ^ * *

Alternative 5, Option Bl̂ p â &esses in situ bioremediation of sediments in the wetlands. This
remedial option may havê several advantages over ex situ treatment. Further investigation is
require to determine the short- and long-term impacts to the wetlands, and to further maximize
biological activity in sediments. Inclusion of this remedial option as part of other alternatives
has been presented.
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1.0 OVERVIEW

1.1 A bioremediation treatability study was conducted by Roy F. Weston, Inc.
(WESTON*) for Standard Chlorine of Delaware, Inc. (SCD) in accordance with
WESTON's December 1992 Work Plan.

1.2 The objective of the study was to evaluate the technical feasibility of bioremediation
for the treatment of soils containing chlorobenzenes at the SCD, Xtelaware City,
Delaware facility.

13 The treatability study consisted of a bench-sĉ ^̂ Rening p3&am which included
a series of aerobic and anaerobic flask teŝ v̂e]̂ :̂̂ oil coliasp tests.

1.4 The treatability study was conduĉ Ê ^̂ ES'̂ ffl̂ s Environmental Technology
Laboratory (ETL) in Uoâ êm̂ ^̂ ^̂ ^̂ Kbruary through May 1993.

1.5 Analyses of ̂^̂ llitŷ tod̂ saî ^̂ jrailorobenzenes was performed by the SCD
laboratoî S|the Delaware City facility.

1.6 Analyses of testability "study samples for chloride, and nitrogen and phosphorus
compounds was performed by WESTON's Analytical Laboratory in Lionville,
Pennsylvania,

1.7 Geotechnical/physical characterization of the soil samples used in the treatability
study was performed by WESTON's ETL.

. *
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UVMGOS ̂^̂  KfOCTKEMUMITS

2.0 TEST PLANS

2.1 The technical approach and scope of the treatability study was developed in
accordance with WESTON's discussions at meetings with SCD, DNREC and EPA.

22 A preliminary test plan for the treatability study is provided in \yESTON's proposal
to SCD dated 18 November 1992. - - - -

23 A detailed test plan for the treatability study is presented̂ ^̂ &TON's "Draft Work
Plan for Bioremediation Treatability Testing for the ̂Ŝ &Morine of Delaware,
T T. , „• r^ O- „ , ^ \Inc. Delaware City, DE Site dated DecembgjfP̂ Z Thiŝ j|an was submitted to
DNREC and EPA for review and commei

2.4 The Health and Safety Plan used treatability testing was
the approved plan used,

_ _ : , ,,,„„., .. -,-_, a,

The Quality Â Kaiieê ltô tTlai&eKor the sampling and analysis activities was
« « ^ ^ * ' ' " r - ' ' " ^

the appro?!® plan
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3.0

3.1 Samples of the surface soil, subsurface soil, and sediment for use in the treatability
study were collected from the SCD Delaware City facility by WESTON personnel on
7 January 1993. Since the subsurface soil samples collected on 7 January 1993 did
not contain chlorobenzenes at the targeted concentrations, additional subsurface

r
samples were collected by WESTON personnel on 25 January 1993.

3.2 All WESTON sampling activities were conducted in Lev

33 The locations of the treatability study sampleŝ ^̂ icated̂ l̂ be map provided in
Attachment 1 (Figure 1).

3.4 The three surface soil samples coUeŜ ^̂ ^̂ k̂ 1993 were designated SS-1-1,
SS-1-2, and SS-1-3. Each«mpfewas colleĉ K̂Bra discrete location in the vicinity

—yijjeiE' 4B>fc *SSl1ffliJFflBy* fr - *

of RI Sample SS-19.̂ *Ihe samples wereicollected manually from the 0 to 6 inch
depth.

35 The three serpent sasiplesxollected on 7 January 1993 were designated SD-1-1,
SD-1-2, and SÎ -3, 35ach sample was collected from a discrete location in the
vicinity of RI Sample SSX-11. The samples were collected manually from the 0 to
6 inch depth. Leaves and vegetation were scraped off the top of the sediment prior
to sample collection.

3.6 The three subsurface soil samples collected on 7 January 1993 were designated SBS-
1-1, SBS-1-2, and SBS-1-3. Each sample was collected from a discrete location within
a test pit dug in the vicinity of RI Sample SS-31. TTie samples were collected using
a backhoe from a depth of approximately 4 feet.
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3.7 The two subsurface soil samples collected on 25 January 1993 were designated SBS-
1-1 and SBS-2-1. Sample SBS-1-1 was collected from a discrete location within a test
pit dug directly north of the railroad tracks. This sample was collected using a
backhoe from a depth of 5 to 6 feet. Sample SBS-2-1 was collected from a discrete
location within a test pit dug in the vicinity of the benzene tanks. This sample was
collected using a backhoe from a depth of approximately 4 feet.?

3.8 All samples were collected using decontaminated samplinĝ  tools (including the
backhoe bucket).

3.9 All samples were screened in the field throuĝ ^̂ -inch sllj|j>rior to placement
in buckets and sample containers.

3.10 Each surface soil and sediment sani||| '̂ Mcstê ^̂ vo, 315-gallon plastic buckets
(one for aerobic tests One bucket (to be used for
anaerobic tests) was p&ged witî iO'oĝ g>rior to sealing. Additionally, one, 125 mL
VOA bottle ,̂ tt|«aaê ŜniL smteĵ glass bottle was filled with sample and
submittedKJl|The S(3>ilaboxatory for chlorobenzenes analysis.

fe£̂ MS& •58*i*-£lS1:. V&S3J--JK-S., * *

3.11 : Each subsurfŝ raoflŜ mple consisted of two, 3.5-gallon plastic buckets (one for
lifê *'

aerobic tests and̂ bne for anaerobic tests) and two, 5-gallon plastic buckets (for
column tests). One 3.5-gallon bucket (to be used for anaerobic tests) and both 5-
gallon buckets were purged with nitrogen prior to sealing. One undisturbed tube
sample was also collected from each subsurface soil location. Additionally, one, 125-
mL VOA bottle and one, 950-mL amber glass bottle was filled with sample and
submitted to the SCD laboratory for chlorobenzenes analysis.

3.12 Chain-of-Custody documentation was completed for all samples.
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3.13 Following collection, the bulk samples were transported to WESTON's ETL and
stored under refrigeration (4°C) until they were used for treatability testing.
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4.0 SAMPLE CHARACTERIZATION RESULTS

4.1 The results of chlorobenzenes analyses for the surface soil, subsurface soil, and
sediment samples collected on 7 and 25 January 1993 are summarized in tabular
form in Attachment 2.

4.2 Based on the total Chlorobenzene (TotCB) concentrations measured, the following
samples were selected for use in the treatability study:

• Surface soil - Sample SS-1-3 (1/7/93), Toti
• Subsurface soil - Sample SBS-1-1
• Sediment - Sample SD-1-3

43 The results of geoteduucal/pbysicâ ^̂ ônl̂ bd on the three treatability study
samples are presented in Attachmer
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5.0 EXPERIMENTAL DESIGN

5.1 The bench-scale bioremediation study consisted of the following elements:

• Aerobic flask tests
• Anaerobic flask tests
• Soil column tests *

52 Aerobic and anaerobic flask tests were conducted for the surfiAsofl, subsurface soil,
and sediment samples usiiig three treatment conditkjiû mgbited control, nutrient
amended, and nutrient amended/inoculated. ̂Q̂ ^̂ trê ^̂ f condition, a series
of triplicate flasks were set up for analysis ̂^̂ plsŝ  Day fl̂ 3̂0, and 60 of the
test period.

53 A summary of the test matrix for SlPfor chlorinated benzene and
chloride/nutrient analyses Is prpvided̂ Ŝachment 4, Tables 1 and 2.

5.4 Soil columgĴ swgrê conducted foPEe subsurface soil sample only. The tests were
conductedwLder anaerobic «mditions using two soil columns - control column and
nutrient column̂  For each column, triplicate soil and water feed samples were
collected at Daŷ D-jand Day 60 of the test period and triplicate column leachate
samples were collected at Day 0, 10, 30, and 60 of the test period.

5.5 A summary of the test matrix for the column studies for chlorinated benzene and
chloride/nutrient analyses is provided in Attachment 5, Tables 1 and 2.

5.7 The initiation of the flask tests was staggered over a period of 6 weeks to more
evenly distribute the sample loading to the SCD laboratory.
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6.0 EXPERIMENTAL PROCEDURES

6.1 General

6.1.1 All treatability tests were conducted at room temperature (approximately 70°F).

t
6.12 The flasks for the aerobic tests were exposed to ambient building lighting during the

course of the study.

6.13 The flasks for the anaerobic tests and the soil columî ^̂ &isolated from ambient
building lighting during the course of the stud̂ raffe anaer̂ b̂ Qasks were placed
inside a box and the columns were wrapp̂ ^̂ aluraafem foil.

* * vuSJiatitfeA. -sSSai&MS;-,'

6.1.4 Nutrient addition to the flasks aiKcSftans wMsitargeted to provide an initial
-*3S« . '̂si-MMsSy., ••«&̂ ste. ° *

carbon:nirrogen weight

.1.5 At the requî ianipBiig interv̂ lî Day 0, 10, 30, and 60), the soil slurry
^̂ ^̂ Û , v.̂  *̂»

containet̂ gr the aembic and anaerobic test flasks was transferred to sample
containers

• Chlorobenzenes - 100 mT,, glass bottle; cool
• Chloride and O-PO4 - 125 mL, plastic bottle; cool
• Nitrogen compounds and T-PO4 - 500 mL, plastic bottle; H2SO4/cool

6.1.6 'At'the required sampling interval (i.e., Day 0, 10, 30, and 60), the soil, water feed,
and column leachate samples from the column tests were collected for analysis in the
following containers:

• Chlorobenzenes in soil - 500 mi;, glass bottle ; cool
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• Chiorobenzenes in feed/leachate - 950 mL amber, glass bottle; cool and two,
40 mL VOA bottles; cool

• Chloride and O-PO4 in feed/leachate - 125 mL, plastic bottle; cool
* Nitrogen compounds and T-PO4 in feed/leachate - 125 mT^ plastic bottle;

H2SO4/cool

6.1.7 Following collection of the treatability study samples, they were packed in a cooler
containing ice. Chaih-of-Custody forms were completed and the samples were then

~~~^fe """ "̂transported to the analytical laboratory. Samples for cMogsHpizenes analyses were
delivered to the SCD laboratory by WESTON persor̂ ^̂ â commercial courier

j& ̂gyg p̂pfe _
service. Samples for chloride and nutrient anal̂ Ŵere dê ggd to the WESTON
Lionville Analytical Laboratory by WESTC

62 Aerobic Flask Tests

6.2.1 The aerobic test flasks~cbnsisteS of ̂||pnL, glass Erlenmeyer flasks containing
l̂iffi8- _<̂ pp"')

approxjmately tfJlmLftOQ g) of-\

'"ytj-. |̂£ îiEfi*
62.2 The slurry nrthe flask̂ ras approximately 20% by weight soil in water.t̂eiB jijp1

6,23 The prepared flasks were placed on a shaker table and continuously agitated.
Agitation provided for oxygenation and mixing of the soil slurry. The flasks were
loosely covered with plastic caps to minimize evaporation losses.

6.2.4 The soil slurry for the control flasks of the aerobic tests was prepared by mixing the
soil/sediment sample with fertilizer solution, formaldehyde (37%), and medium
solution. The fertilizer solution consisted of either commercial fertilizer (20:20:20)
or (NHJaHPO*. The medium solution contained KH2PO4, NaHPOH, and Resazurin.
Resazurin is a redox indicator which is pink in the presence of oxygen and blue when
oxygen is not present. All solutions were prepared using deionized water.



62.5 The soil slurry for the nutrient flasks of the aerobic tests was prepared by mixing the
soil/sediment sample with fertilizer, and medium solutions. These solutions were
identical to those described in Item 62.4.

62.6 The soil slurry for the nutrient/inoculated flasks of the aerobic tests was prepared
by mixing the soil/sediment sample with fertilizer solution, sludge inoculum, and
medium solution. The fertiliser and medium solutions were identical to those
described in Item 62.4. The sludge inoculum consisted of washed secondary
activated sludge obtained from the aeration tank of Creek Wastewater
Treatment Plant in West Chester. Pennsylvania.

63 Anaerobic Flask Tests

63.1 The anaerobic test flasks consistdfcor"@̂ m]̂ Sass serum bottles containing« • ^^ âgssss!* o

approximately 100 mL

632 The slurry injft̂ enî Wdes w«:i»pproximately 50% by weight soil in water.

6.3.3 The prepâ K̂ rum littles "were purged with nitrogen, tightly sealed, and placed
#̂

inside a box. me bottles were occasionally shaken by hand to mix the contents.
"ife--:.'- \vs- '

63.4 The soil slurry for the control flasks of the anaerobic tests was prepared by mixing
the soil/sediment sample with fertilizer solution, formaldehyde (37%), and medium
solution. The fertilizer and medium solutions were identical to those described in
Item 62.4.

63.5 The soil slurry for the nutrient flasks of the anaerobic tests was prepared by mixing
the soil/sediment sample with fertilizer and medium solutions. These solutions were
identical to those described in Item 62.4.

10
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63.6 The soil slurry for the nutrient/inoculated flasks of the anaerobic tests was prepared
by mixing the soil/sediment sample with fertilizer solution, sludge inoculum, and
medium solution. The fertilizer and medium solutions were identical to those
described in Item 62.4. The sludge inoculum consisted of washed anaerobic sludge
obtained from the anaerobic digester of the West Goshen Wastewater Treatment
Plant in West Chester, Pennsylvania.

f

6.4 Soil Column Tests

6.4.1 The soil column tests used glass columns (4-inch diaî P̂̂ f̂eet long) containing
approximately 125 kg of subsurface soil sam̂ ^̂ mpacteô gji height of 3 feet
(equivalent to the measured in place soil densit

6.42 The prepared soil columns were mounted on a.raqggd covered with aluminum foil
to prevent exposure to

^ ̂
jg£

6.43 A schematic Qfqfce.soiTreokiim] te$f apparatus is provided in Attachment 6.

ĤKS_ y s "̂"laiiT*

6.4.4 Hie feed wa&bwas acSed tcrcolumns on a continuous basis such that the soil was
completely sattEjgged with water and a standing water layer filled the top of the
column. ^̂

6.4.5 The feed water for the control column consisted of tap water which was adjusted to
pH 63 (i.e., pH of site groundwater) and de-oxygenenated by the addition of sodium
sulfite

6.4.6 The feed water for the nutrient column was identical to the control column with the
addition of a nutrient solution containing (NH4)2PO4.

11
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6.4.7 The equivalent 10-year leachate volume calculated for the column study was
approximately 1,750 gallons.

6.4.8 The soil samples collected from the columns at the beginning and end of the study
represent a composite sample of the entire contents of the column

12
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7.0 RESULTS

7.1 The Chlorobenzene data for the individual samples from the treatability study are
summarized in tabular form in Attachment 7.

72 The chloride and nutrient data from the treatability study are summarized hi tabular
form in Attachment 8.

73 Tabular summaries of the data for results interpretation ggf̂ vided in Attachment
9.

7.4 Graphical summaries of the data for ̂Sts jgfiSrpretaticlEare provided in'«imr ffrrff ^
Attachment 10.

13
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8.0 FINDINGS

.1 Surface Soil

8.1.1 All aerobic samples showed a significant initial reduction in total chlorinated
benzenes and total chloride during the first 10 days of treatment ̂see Attachment 10,
Figure 2). The rate of reduction leveled off during the subsequent treatment (10 to
60 days).

8.12 The anaerobic control sample showed relatively consj|p11̂  chlorinated benzenes
and total chloride over the test duration (see 4&fi§inient iWlfeure 3).^̂ ^ v -̂ £s£&-'A&" *%Kb&& /

8.13 The anaerobic nutrient and nutrien̂ ^̂ oilat̂ t̂eiples showed a general reduction
in total chlorinated benzenes and aiSacî îî d̂ chloride.

82 Subsurface Soil

82.1 The aerô ûtrientî d̂ âutrient/inoculated samples showed a decrease in total
chlorinated̂ eiizenes affl a snkht net increase in total chloride (see Attachment 10,

SMM&W. -t->i&; ". t-i \ '

Figure 4).

82.2 The aerobic control sample showed a slight net decrease of total chlorinated
benzenes and total chloride over test duration.

823 The anaerobic control, nutrient and nutrient/inoculated samples showed a net
increase in total chlorinated benzenes (see Attachment. 10, Figure 5). All samples

• except the control sample showed an increase in total chloride.

i 14
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83 Sediment

83.1 The aerobic control and nutrient samples show a net decrease in total chlorinated
benzenes (see Attachment 10, Figure 6). The nutrient inoculated sample data is
sporadic and shows no trend.

832 The anaerobic shows a net increase in total chlorinated benzenes for all samples,
with little change in total chloride (see Attachment 10, Figure 7).

8.4 All Soils

8.4.1 Nutrient levels in the samples as measureĉ ĝitt̂ ;̂ and phlSphorous remained
essentially constant throughout titftftgS per^BfNutrient concentrations were
sufficient to maintain and stimulatê f̂̂ L̂gr̂ te diiring the test period.

15
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9.0 CONCLUSIONS

.1 The anaerobic surface soil flask test exhibited presumptive evidence of
biodegradation of chlorinated benzenes. This evidence is seen in the general
declining trend in total chlorinated benzenes in conjunction with the consistent
increase in chlorides in the nutrient and nutrient/inoculated flasks (see Attachment
10, Figure 3). By comparison, total chlorides in the control flask exhibited no
substantial change during the course of the test. The production of chlorides, in
conjunction with the declining levels of total chlorinatê p̂azenes is presumptive
evidence of dechlorination of chlorinated benzenê ^̂ f̂ĉ  absence of chloride
production in the control flask suggests that tbsllllserved chsSges in the test flasks
* '-r*-' jesssHjSssSSS' - - s&aBTiW-.

may be attributable to biological activity.

Dechlorination of the higher chlorin̂ strê Ê nê ĝld be expected to result in the
production of lower dffoimated would then be further
dechlorinated. HowesrefJ this effect msfSliave been masked in these tests by the pre-
existing levelŝ tJ0oŵ ôiinate&|jen2enes, as clearly discernable trends amongw .SfTMJrr̂ rfS,.-.-,.-, "T ". K.™ '" •* &

•x3&r;$ffi" '̂•|&̂;.̂  • ; .,. • <**-

chlorinatefi 6enzenes%erenot observed.

92 The aerobic su&surfee soil flask test also exhibited presumptive evidence of'&«,;-•.. •; r r
%~ *"'

dechlorination of chlorinated benzenes based on the combination of declining trends
in total chlorinated benzenes and the net increase in total chlorides in the nutrient
and nutrient/inoculated tests (see Attachment 10, Figure 5). By comparison,
chlorides in the control flask exhibited some scatter, but no overall trend was
observed. The possible contribution of stripping (as shown in other aerobic tests) to
the total removal of chlorinated benzenes in this test should be noted, and, as a
.result, the contribution of biological activity to chlorinated benzene removal cannot
be definitively evaluated.

16

4R308162



93 The surface soil and sediment aerobic flask tests exhibited a high initial rate of total
chlorinated benzene losses from the slurry-phase soil samples. The total chlorinated
benzene losses are likely attributable to stripping rather than biodegradation since
a concurrent increase in chloride levels was not measured. The stripping from the
slurried soil samples may have been enhanced by the continuous stirring/agitation
during the test period. Agitation was performed to maintain mixed aerobic

?
conditions in the samples.

Because the treatability study was designed to test the biĉ jplldability of the soils,
the stripping effects encountered in the slurryjiimê m̂ls is not necessarily

Jlgfe T̂  vUlKK,

considered indicative of the strippability of jodjlw soils, soils would not
undergo agitation, and are present in the sô &̂asê flier thâ &urry phase. For
these reasons, the findings of thê |fiidŷ  arei||]|ponsidered applicable to other* -^^
treatment technologies such as soil

9.4 Anaerobic soil coluimi;Jests ê ĝd chlorinated benzene losses from the soil
which are lil̂ d̂uê fluslin̂ ^̂ ĵle chlorobenzenes during testing. The

jŜ f̂ , ~ _- -i-̂  "WlS5̂  ĤajSP̂  ^
•̂ ĵ P̂  r.-.ĵ r ~~̂ L̂ :- ^̂

concenfraffgif of total chlorinated benzene found in the aqueous leachate from the
initial flushê gtfaroughlle column accounted for essentially all of the quantity of
cMorobenzenê grnqptl from the soil columns. Both the control and nutrient-
enriched columnŝ exhibited similar results during the column tests.

9.5 Additional process development testing would be necessary to expand the application
of biodegradation to a wider range of soils and conditions; specifically towards
application in the wetland areas. Nutrient addition in these areas may promote
natural degradation of contaminants, as seen in the anaerobic surface soil and
aerobic subsurface soil tests.

n
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CHLOROBENZENE CHARACTERIZATION RESULTS FOR FIELD SAMPLES
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ATTACHMENTS S

GEOTECHNICAL/PHYSICAL CHARACTERIZATION
RESULTS FOR TREATABILITY STUDY SAMPLES
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Intef-Of&ce Memorandum

TO: Tom Drew

FROM: RusselTFrye OATE: }0 March 1993

PROJECT: Standard Chlorine w.o. NO.: 02267-012-001
SUBJECT: Geotechnical Testing Results

ACTION:

Geotechnical testing results for the Standard Chlorine project are attached. Three (3) soil
samples, job number 9302X006 woe submitted to WESTON's Environmental Technology
Laboratory (ETL) on 18 February 1993 for geotechmcaT testing.

The geotechnicai tests requested axe presented in the attached custody transfer/work request.
» * —-— » i " j'.-jf .̂.-?&e * *

The geotechnicai tests performed including reference method and test number are presented in
Table 1.

If you require additional information or have any questions, please call me at
(215)524-6173̂ % n .-..

V04-OB-004M-5/85

flR308!72



Methods and Test NumbersGeotftchnical Tests Performed, Reference

Grain Size by Sieve and Hydrometer

liquid and Plastic Limits
Natural Moisture" Content
Permeability of Fine Grain Soils

AH analytical methods derived from the Annual Book of ASTM Stinriinte, Section 4, Volume 4.08, So
and Rock; Building Stones; Geotex ;I-s, American Society o' Testing Materials, Philadelphia, PA. °̂
unless noted otherwise.
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f̂tS-

'*fw™"'ik̂
"̂:̂ 1̂ ^

/
^

..........

Ô*
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™̂* ^ {?
§^.
* [

< « t
Q CO b iIs*CO f

s"
ii II
,-

. X
I

§

s

.ĵz~
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WESTON ENVIRONMENTAL

ASTM D 6084 - HYDRAULIC CONDUCTIVITY OF SATURATED MATERIALS
USING A FLEXI-WALL PERMEAMETER WITH BACK PRESSURE

PROJECT
W. O, NUMBER
JOB NUMBER

Standard Chlorine
02267-01 2-001 -01 SO
9302X006

PROJECT SAMPLE L D.
CTL SAMPLE NUMBER
TEST PERIOD

SBS-1-11 , m02/22/93 to 03/09/dH

SPECIMEN DESCRIPTION
undisturbed saB sample collected in 2.5* diameter by 6« long brass tube; sample is a dark brown gravelly, sitty
and clayey sand

SPECIMEN DATA
Wet Weight 0rams
Dry Weight grams
Diameter, cm
Length* cm
Volume, cc
Moisture Content % dry
Wet Unit Weight pcf
Dry Unit Weight pcf
Specific Gravity
Void Ratio
Porosity, %
Pore Volume, cc
Degree of Saturation, %

Infflaid)
504.6
466.8
6̂ 0
8.96
270.5
8.1
116.4
107.7
2.67
0.55
35.3 *̂e
95,5
3&S

Flnal(2)
535.2
468.9
5.84
8.25
220.9
14.1
151 .2
iggigs*fo

O263K
- -20.4 Wt
"̂45.1 11
-*146̂  1

^̂ ^̂ K̂ ^ ĵSk̂

•jOs

J>

TEST CRITERIA
Soil Type, USCS-Gtossification
Average Sampte Depth, feet
Average Wet Unit Weight pcf
Effectwe Stress'Envetope, degrees
EarthPressure Coefficent Ko
Bf active Horizontal Stress, psi
Maximum Differential f*ressure, psi
Maximum Possible Gradient
Selected Target Gradient
TargetrCeii Pressure, psi
Target Outlet Pressure, psi
Target Inlet Pressure, psi

sc
5
115
31
0.48
1.9
0.9
8.0
&0
63.0
60.0
62.0

JH
SATURATED HYDRAULK CONDUCTVfTY
AVERAGE TEST RESGfiS (3) *£ ^
Ceil Pressure, psi 5TR- ̂.-r
Outlet Pressure, psi ^ -
Inlet Pressure, psi ^
Differential Pressure, psi
Confining Pressure, psi
-lydmuiic Gradient
Inlet Volume/Outlet Volume Ratio
Permeation Volume, pore volumes
Hydraulic Conductivity, cm/sec

63.1
60.0
62.2
2£
ai
18.4
1.01
•29.19

1.76E-05

NOTES
(1) Initial conditions: undisturbed soil sample collected in 2.5* diameter by 6' long brass tube; sample is a dark

brown graveify. sitty and clayey sand
(2) Final conditions: conditions after saturation and consolidation at reported maximum confining pressure

(3) Average of last four measurements

flR308!8l



ATTACHMENTS

TEST MATRIX FOR FLASK STUDIES
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g"gî ^
J .J -l>|?-"
CO CO O3
_I _J -J
• O O 0
plO CO CO

Ul1-

ozgCC Ul X
t cc 1 Q111

oct-
i

o
5occ
Ul

Ul
O
Up _l

SgCO «ffl
3
CO

*«•«•

^ŝ̂
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SAMPLE ID CODES -SCD
BSotoq\cal TTeatafaiVrtv Samples

Empirical Sample ID: X-Y-ZZ-T-S
where:

X m Soil Type
A = Surface
B = Subsurface
C = Sediement

Y = Chemical additive
N « Nutrient
NI = Nutrient + innoculated
C = Control

ZZ = Treatment method
AE = Aerobic
AN = Anaerobic

T = Time interval (# days)

S = Triplicate Sequence # (1 & or 3}

Example:
A-N-AE-10-1

______Surface Soii-Nutrient-Aerobic-10 dayŝ l

polurnn Leachate Study Sampleŝ  r>s"
Empirical Sample IDrSX-Y-:

where: ^ '*&»*• ^̂ ---' -r,:̂ S5̂ >-.

BN= Background nutrient
BC = Background control

ZZ * Treatment method
CL = Column Leach

W s Matrix
S = Soil
W = Water

T = Time Interval (# days)

S = Triplicate Sequence # (1,2t or 3)

Example:
B-N-CL-0-1

Subsurface soil-nutrient-column leach-0 days-1

flR308I9
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ipŜ J': "
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Standard Chlorine of Delaware
Chloride Data Summary (mg/L)

Test Description

Surface Soil-
Aerobic

Surface Soil-
Anaerobic

Subsurface Soil-
Aerobic

Subsurface Soil-
Anaerobic

Sediment- —
Aerobic

Sediment-
Anaerobic

Test Condition

Control
Nutrient
Nutrient/Inoculated
Control
Nutrient
Nutrient/Inoculated
Control
Nutrient
Nutrient/Inoculated
Control
Nutrient
Nutrient/Inoculated
Control
Nutrient * - *
Nutrient/Inoculated * -?.
Control --* G3&
Nutrient' ̂Sn̂ .-rr̂  ^
NutriisnJ/Inoculated t.

0
87.6
134
127
88.4
94.5
92.3
58.5
68.0
63.0
2031

ĵ 6B
-"•̂ 186

483
•- ;- 48.H

"'•,,.' -'-'-̂ M̂ l'**$:sliB$l
.-'.-t̂ W«

98.7

Time
10
34.9
45.5
58.2
86.7
92.2
95.7
60 JS

<**&£&
^̂ !P6ô S

&*' 270
231

^̂ ^ 247
fL4T 140

71.6
.̂ 131

107
* 112

118

(days)
30
57.4
61,5

t 80.7
81.6
133
163

^ 35.7
54.4

y- 45.2
££v. 182

80.9
%̂ 227

64.6
97.8
66,1
98.4
112
109

60
30.8
54.7
54.4
90.1
172
222
53.8
119
116
184
202
264
48.8
57.8
52.1
86.8
108
108

flR308232
SCD.XLS 9/26/93



Standard Chlorine of Delaware
TKN Data Summary (mg/L)

na - Not analyzed

Test Description

Surface Soil-
Aerobic

Surface Soil-
Anaerobic

Subsurface Soil-
Aerobic

Subsurface Soil-
Anaerobic

Sediment-
Aerobic

Sediment-
Anaerobic

Test Condition

Control
Nutrient .
Nutrient/Inoculated
Control
Nutrient
Nutrient/Inoculated
Control
Nutrient
Nutrient/Inoculated
Control
Nutrient
Nutrient/Inoculated
Control
Nutrient ^
Nutrient/Inoculated IK
ComroL-'SSSŜ . H
Nuzrieor %fe' 1
Nutrieni/Inocolatftd 1

Time (days)
.0
44.9
58.8
54.4
138
54.0
34.1
22.5
24.0
20JO
M̂

~<|gft&.8
•̂ flOSS
3&S8

****y-f** 3 IS

""̂ ^̂ 86
x̂ srasi

492
, ,S 330

10
69.6
58.J
76.8
61.7
64.2
63J
*$$$

^̂ E9̂ a
': * 17.5

61.6
«A48.8

>̂ ^ 52.8
333

£;,'- 243
358

•*• 197
291
426

30
70.8
69.3
69.8
180
/wm> m
345
345

'•: 362
"*̂ *a
W&
na
na
na
na

441
182
398

60
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na

9/26/93
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na - Not analyzed

Standard Chlorine of Delaware
Ortho Phosphate Data Summary (mg/L)

Test Description

Surface Soil-
Aerobic

Surface Soil-
Anaerobic

Subsurface Soil-
Aerobic

Subsurface Soil-
Anaerobic

Sediment-
Aerobic

Sediment-
Anaerobic

Test Condition

Control
Nutrient
Nutrient/Inoculated
Control
Nutrient
Nutrient/Inoculated
Control
Nutrient
Nutrient/Inoculated
Control
Nutrient
Nutrient/Inoculated
Control &
Nutrient w -.
Nutrient/Inoculated v t
Control •**&-• V
Nutrient *•
Nutrient/Inoculated

Time (days)
0

108
118
103
6.6
9.6
10.3
130
135
133

4&B&&&

*- i>#5.8

42n
*,s"H-_ 483

?;$S5J5

0.45
.=.. 0.52

10
59.8
108
87.6
7.9
4.4
4Jk
0̂86

^̂ 235
S.*--i. v IT*V̂ 212

11.0
rf̂ fe; 27.7

:§§**" 37.0
6.2

f'̂  3.1
'0.95

^ 0.29
0.32
0.30

30
175

*• 242
203
14.9
15,3

&j& 10.1
79.9

& 49.6
?-sv--. 68.6
"̂ '̂•̂ na
%aat
na
na
na
na
0.12
0.20
0.17

60
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na

SCD.XLS 9/26/93



Standard Chlorine of Delaware
Phosphate Data Summary (mg/L)

Test Description

Surface Soil-
Aerobic

Surface Soil-
Anaerobic

Subsurface Soil-
Aerobic

Subsurface Soil-
Anaerobic

Sediment-
Aerobic

Sediment-
Anaerobic

Test Condition

Control
Nutrient
Nutrient/Inoculated
Control
Nutrient
Nument/lnocuUted
Control
Nutrient
Nutrient/lnocuUred
Control
Nutrient
Nutrient/Inoculated $̂ $
Control flUT
Nutrient ^ HH
Nutrient/Ibocaiited K
Control S- 1
Nnrbeni <&•*.•?£-*. •
Nument/mocnlated :̂~ ,

Time (days)
0

137
158
166
72.9
85.3
88.8
25.0
28.0
^̂ 2

1K£5195
0̂4
m

^̂ *̂-"-:̂i A*r5l

^̂ R̂

' -̂  167
^ 163
^ 182

10
143
176
171
82.6
78.3

,̂ SE5
•̂ W@I0

*-*~' 55 J
63.0

,̂^ 60.4
*-"• - 63.5
;; 61.3
:r - 169
T̂ 169
^ 247

213
184
163

30
373
365
,139
173

^ 190
194

'» 90.5
* 70.9

£̂r, 98.8
%*;
na
na
na
na
na

12.4
22.4
14.2

60
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na

na - Not anal

SCD.XLS 9/26/93
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Standard Chlorine of Delaware
Nitrate/Nitrite Data Summary (mg/L)

Test Description

Surface Soil-
Aerobic

Surface Soil-
Anaerobic

Subsurface Soil-
Aerobic

Subsurface Soil-
Anaerobic

Sediment-
Aerobic

Sediment-
Anaerobic

,.;.$FV£

Test Condition

Control
Nutrient
Nutrient/Inoculated
Control
Nutrient
Nutrieni/toocuUttt}
Control
Nutrient
NutrifTW flnonilatrrf
Conm>l
Nutrient
NnTrimr ̂Inocuiairrt —
Control * -
Nutrient
NutrientfZaocatod ^
Control
Nutriem
Nrctrimf flwwfll i?r<1

Time (days)
0

1.3
1.4
1.3
4.5
4.5
6.0

1.5 u
0.6£

-WA6

am
0:1

• V . •: •~/\ffjtfJ
S5fflî W.TM

•*.*̂*!I9B
0.6
0.38
0.44

10
1 u
1.2
1.1
4.9
3̂

.-̂ fes
fr ' 0.99

1.7
0.32

;̂;y* ' 0.23
I 0.28
^ 35.4

0.47
* 0.82

0.65
O.lOu
O.lOu

30
t 0.49

0.71
0.86
4.1

&:**• 3.0
2.9

i 2.6
3.7

'*• 4.2
"̂ ẑa1
na
na
na
na
na
0.66
0.26
0.21

60
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na

na - Not anal}
u - Not detected at or below the reportinjrtimri. Value indicated is the reporting limit.

SCD.XLS - . . . . . . . . _ _ . _9/26/93
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Standard Chlorine of Delaware
Ammonia Data Summary (mg/L)

na - Not anal j ^^
u - Not detected atogbelow the reponingiftmit. Value indicated is the reporting limit.

Test Description

Surface Soil-
Aerobic

Surface Soil-
Anaerobic

Subsurface Soil-
Aerobic

Subsurface Soil-
Anaerobic

Sediment-
Aerobic

Sediment-
Anaerobic

,-̂ Sfl

Test Condition

Control
Nutrient
Nutrient/Inoculated
Control
Nutrient
Nutrient /Inocii 1 t*rd
Control
Nutrient
Nutnent/lDOCulated
Control
Nutrient
Nutrient/Inoculated dftE*
Control His
Nutrient ^ M&
NiirritntftacntaKfi %
Control ^ f
Nutrient .-*** .-**& i
Nnirient/InDcalated 4̂̂

Time (days)
0
5.0 u
0.92
0.80
5.0 u
2.5
3.6

5.0 u
5.2

,**»
^VrS.l

'̂&5
T**5*l̂ r

-̂ l̂ .o t
'"Ŝt.4

. sr̂ jĝ ffiy '"'̂jjBB
48.4

• .4 6.2
^ 4.6

10
5.0 u
1.0 u
1.0

5.0 u
4.Q
^̂
«̂OTJ(

3.6
2.0

rif«ik 9.0
U 13.6

14.0
V 5.0 u

1.0 u
^ 1.0 u

5.0 u
4.2
6.8

30
5.0 u
1.4
2.5
34.8

E£> 78.8
78.3
5.0 u
8.7

•:̂ % 8.6
»̂Ji
na
na
na
na
na
5.0 u
10.5
9.7

60
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na
na

SCD.XLS 9/26/93
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Standard Chlorine of Delaware
Control Column Study

Subsurface Soil

Parameter

Chloride, mg/L
Nitrate/Nitrate, mg/1
Ammonia, mg/1
TKNt mg/L
Ortho Phosphate, mg/L
Phosohate, mg/L

Water Analyses
Background

17.8
2.4

0.10 xi
O.lOu
0.048
0.68

DayO

53.8
1.9

O.lOu
O.lOu
0.020
0.64

Day 10

22.7
2.9

O.lOu
O.lOu
0.034
27.6

Day 30

28.9
4.0

O.lOu
0.1$i

Day 60
6QDay

18.2
na

„ na
£P na

na
na

Background
17.2

na
na
na
na
na

na - Not analyzed.
u - Not detected at or below the reporting limit. Value indicSeifis me

SCD.XLS 9/26/93
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Standard Chlorine of Delaware
Nutrient Column Study

Subsurface Soil

Parameter

Chloride, mg/L
Nitrate/Nitrate, mg/1
Ammonia, mg/1
TKN.mg/L
Onho Phosphate, mg/L
Phosohate, mg/L

Water Analyses
Background

22.9
1.3
13.7
133
12,5
30,4

DayO

22.6
1.2

O.lOu
O.lOu

3.7
8.2

Day 10

20.7
0.22
13.2
13.4
19.4
16.0

Day 30

17.2
0,35
13.4
13.7
16.2
12*8

Day 60
60 Day

16.4
na
na
na

t- **
& na

Background
16.8

na
na
na
na
na

na - Not analyzed.
u - Not detected at or below me reportiof taut. Value indicated is

SCD.XLS 9/26/93
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ATTACHMENTS

TABULAR RESULTS SUMMARIES



DATA MANAGEMENT FOR TREATABILITY STUDY RESULTS

Triplicate averages were determined by using half the detection limit of results reported as
non-detected ("< U"), the reported value of a result detected below the method detection
limit ("U").

AR3Q82UI



A1TACHMEOT

3t(RFACE SOIL FLASK TESTS



DATA SUMMARY
SURFACE SOIL - CONTROL - AEROBIC

TRIPLICATE AVERAGES
(parts per million)

Time (days)

Parameter
(mg/kg)

BENZENE
rOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1,3,5-TCB
1.2.4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE - •»
NITROBENZENE r̂̂
MCNB .„., •*-

0

10.73
10.73
10.73
9.10
497 .2$
22.56
1467]
6.6S
19*7.77
602,79 -
101.33 OH
373.46 A

t«433J5 3
-*"•%& *

0.501
<fc75I

10 30 60

A-C-AE
f

0.005
0.069
0.069
0.026
0.144
0.103 ,*
0.050c.;f̂
0̂ £57
22?S ^
7.SfiKt0

' *™ fi 47̂ ^̂ ^̂ ;

«ea»«t,I'j "̂ ^
s 5̂Se£3--4a-fa ^̂ ^

C%"*?9F;' '•»- "̂0̂̂ 4̂ .1
H- . ̂'̂*'98lî '̂

0.35
r*& 0.518

0.034
0.078
0.07Q̂
OJfĉ

,-<*«BIIO
f̂ ' Ô fe,

O.OTSfe
, 0.208%;-

.v»- 41.89 %
8.22
9.15

i 13.67
^ 2.59

0.43
2.64
1.684

0.271
0.271
0.271
0.406
0.406
0.406
0.406
0.234

•: 34.75
9.87
6.00
12.52
4.86
0.55
11.51
2.030

s -
V'fDATA SUMMARY
ACE SOIL - CONTROL - AEROBIC

CHLOROBENZENE TOTALS
(pans per million)

Time (days) || 0

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

10 30 60

A-C-AE

9.10
667
2,597
475
57.35
2.47
3,807
87.6

0.03
0.30
30.04
21.59
5.17
0.98
58.11
34.9

0.09
0.63
50.33
22.82
2.59
0.43
76.89
57.4

0.41
1.22
44.86
18.51
4.86
0.55
70.40
30.8

[BOOKA-AE.XLW]A-C-AE 9/23/93



DATA SUMMARY
SURFACE SOIL - NUTRIENT - AEROBIC

TRIPLICATE AVERAGES
(parts per million)

Time (days) ft 0 10 30 60

i
Parameter 1 A-N-AE
(mg/kg) 1

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1,3.5-TCB
1,2,4-TCB
1,2,3-TCB
1.2A5-TeCB
1,2,3.4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE
NITROBENZENE
MCNB

0.194
0.215
7.62
6.54
352.55
23,40
102.33
3.51

1127.50
359.90 ^
93.64 tftft
294.57 *&

.*» -29.79 *&
Qi888 1
oasi i
fliS27 *

0.028
0.087
0.087
0.020
0.058
0.078 ^
o.oejb̂ "
0̂ 2-12
<ffi£0 .̂
15O8C..-

"- • 4.01&".
"̂ -saBB̂ ^̂ :

îSBSsv-Ĵ
-•.••"3BfT74SŜ

0.440
-̂  0.661

0.111
0.111
0.1Zk
.OQB̂

^̂ OJ099
^ om?

o.iroi
0.146̂ ®,

--""- 21.18 ̂
4.12
5.80
7.21
2.00
0.874
0.896
0.803

0.230
0.230
0.230
0.137
0.345
0.345
0.345
0.04
29.77
6.18
6.70
10.94
3.56
0.95
1.15
1.73

4DATA SUMMARY
SURFACE SOIL - NUTRIENT - AEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days) H 0

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

10 30 60

A-N-AE

6.54
478
1,491
388
29.79
0.89
2,395
134.0

0.02
0.20
38.89
16.88
4.52
0.75
61.24
45.5

0.05
0.43
25.44
13.01
2.00
0.87
41.81
61.5

0.14
1.04.
35.99
17.64
3.56
0.95
59.32
54.7

[BOOKA-AE.XLW]A-N-AE 9/23/93



DATA SUMMARY
SURFACE SOIL - NUTRIENT & INNOCULATED - AEROBIC

TRIPLICATE AVERAGES
(parts per million)

Time (days) || 0 10 30 60

Parameter II A-N-AE
(mg/kg) 1 f

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 .4-DICHLOROBENZENE
1 .3-DICHLOROBENZENE
1 .2-DICHLOROBENZENE
U.5-TCB
1,2,4-TCB
1,2,3-TCB
U2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE M
NITROBENZENE
MCNB

0.224
0.218
6.52
5.57
277.66
18.30
85.61
1.88

602.01
192.41 «**.
41.17̂ ^̂ ^
158.22f*

, ̂  38.08 1*cl
r*-"-«398 W

$295 «
.,̂ «3>, 1

0.027
0.070
0.070
0.016
0.058
0.086 #%
o.M3«r

ŝfjiSfe'QH .-&J&•*-*a*»»ifO ;!%$$"$?•

&« *? TSfeTx"- ." : J.̂ T̂&î!?.-

vŝ n.3î
-" 0.355
^ 0.532

0.130
0.106
0.232

*** Îfi59
O.̂ 5fe;,
0.180̂ ^

'*•' 3.62 ̂j&*'
1.07
1.63
4.91
2.12
0.198
0.519
0.789

0.170
0.170
0.170
0.095
0.254
0.254
0.254
0.17
36.65
11.05
8.04
15,21
2.46
0.53
0.85
1.27

^ ATA SUMMARY
-TsflJTRIENT & INOCULATED - AEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days)

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

0 10 30 60

A-NI-AE

* 5.57
382
796
199
38.08
1.20
1,422
127.0

0.02
0.19
21.96
15.10
7.82
1.31
46.38
58.2

0.07
0.44
4.87
6.54
2.12
0.20
14.24
80.7

0,09
0.76
47.87
23.25
2.46
0.53
74.97
54.4

fBOOKA-AE.XLW]A-Nl-AE < 9/23/93



DATA SUMMARY
SURFACE SOIL - CONTROL - ANAEROBIC

TRIPLICATE AVERAGES
(parts per million)

SUMMARY
- CONTROL - ANAEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days)

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1,4-DICHLQROBENZENE
1 ,3-DICHLOROBENZENE
1,2-DICHLOROBENZENE
1,3,5-TCB
1,2,4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE ^
NITROBENZENE ^ ~
MCNB _ -*

0 10 30 60

A-C-AN
f

13.497
13.497
13.497
17,450

* 799
343*5
219.362
2.751
906

290.500 *
17.209 fEt
196.536 «&

***MA66 t£
, ~-iaSS 1

0332
0328

12.072
12.072
12.072
4.432
384
18.108 *
98.24£f?̂
143*4
'*WEU .&
271tB*s*-

: ;:iJ8.92tfc
•*W&888̂
jM8S»3J<

,.. :.̂ K315«r
0.139

*̂  0.208

7.441
7.441 .
7.44&
3̂ 95̂ '

Z#*'imBL
133.9®̂ ,
4 ̂ .̂4. ̂Sit̂g.''' h• *W*T *®«B~;

1,318 \d
405.130
58.838

. 214.949
* 39.375

0.981
3.292
0.198

5.641
5.641

•-- 4.697
8.462
330
8.462
68.287
3.108
904

275.099
42.554
158.234
17.509
1.443
1.539
0.188

Time (days)

Parameter
(rag/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Tocal Chlorobenzenes
Total Chlorides, mg/L

0 10 30 60

A-C-AN

17.45
1,053
1,200
284
22.47
0.56
2,577
88.4

4.43
500
1,088
187
46.23
5.32
1,831
86.7

3.30
589
1,728
274
39.38
0.98
2,635
81.6

8.46
407
1,182
201
17.51
1.44
1,817
90.1

[BOOKA-AN.XLW]A-C-AN _ 9/23/93
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DATA SUMMARY
SURFACE SOIL - NUTRIENT - ANAEROBIC

TRIPLICATE AVERAGES
(pans per million)

Time (days)

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1,3,5-TCB
1.2.4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE 4
NITROBENZENE <&
MCNB

0

8.940
5.347
5.549
17,706
706

32.60̂
189,500
5.307
1.501
477,447
76979
245.992

- 37.306
O9*5
0:137
&2QS

10 30 60

A-N-AN
f

12.564
12.564
12.564
6.052
383
18.846 ̂
87.072'̂
4,417
1;343 .4$$
41i:0BfiB̂

- - 76.685Wk
<202.S12lPlf
53SSSE&̂ "1
*̂ r298̂

0.138
^ 0.206

8.034
8.034
8.034;,
3s$lS8r>

&:• 12SQS1*
133.4®fe
3.44o ~<̂ -̂ ->

r^ It724 ^
516.350

' 120.445
251.837

<"' 42.700
0.721
0.145
0.217

5.547
5.547
5.547
8.321
358
8.321
84.613
1.944
665

207.342
39.042
98.387
21.723
0.933
0.125
0.187

^V SDATA SUMMARY
SUffiFACE SOIL - NUTRIENT - ANAEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days)

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

0 10 30 60

A-N-AN

17.71
928
1,984
323
37.31
1.00
3,291
94.5

6.05
489
1,758
279
57.92
1.30
2,592
92.2

3.50
630
2,246
372
42.70
0.72
3,295
133

8.32
451
875
137

21.72
0.93
1,494
172

[BOOKA-AN.XLW]A-N-AN 9/23/93



DATA SUMMARY
SURFACE SOIL - NUTRIENT & INNOCULATED - ANAEROBIC

TRIPLICATE AVERAGES
(parts per million)

JDATA SUMMARY
SURFACE SOt- NUTRIENT & INNOCULATED - ANAEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days)

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1,3,5-TCB
1,2,4-TCB
1,2,3-TCB
1.2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE *
NITROBENZENE —— '
MCNB

0 1 10 30 60

A-NI-AN *

14.241
14.241
14.241
IS. 167
579

21.362
IM999
4.153
1. 196
352,438
4*488
179.974

. -M-210
*̂771
Oi-OO
O194

14.493
14.493
14.493
5.680
765

21,740 ^
185.770 :".*••>
2.992
655 4

199.373CV
27.784«̂
101.2691̂
22.38T-.. ̂
.0.608̂
0.490
0.212

7.686
7.686
7.686s*.
3̂ Ŝ

i3%m
100.2932,
4.332"«̂ j
1,344 IS?

410.055
54.756

^ 200.754
40.605
1.888
1.198
0.208

8.377
8.377
8.377
12.565
338
12.565
87.182
2.119
670

213.008
31.518
118.957
12326
0.428
0.140
0.360

Time (days)

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa.-

Total Chlorobenzenes
Total Chlorides, mg/L

o 10 30 60

A-NI-AN

18.17
755
1,553
228
30.21
0.77
2,586
92.3

5.68
972
858
129
22.39
0.61
1,988
95.7

3.42
469
1,758
256
40.61
1.89
2,528
163

12.56
438
885
150
12.33
0.43
1,499
222

[BOOKA-AN.XLW]A-NI-AN 9/23/93
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DATA SUMMARY
SUB-SURFACE SOIL - CONTROL - AEROBIC

TRIPLICATE AVERAGES
(parts per million)

Time (days)

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1 ,2-DlCHLOROBENZENE
1,3,5-TCB
1,2,4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE **
NITROBENZENE -"ŝ ;-
MCNB ,,-,... *>•??

0 10 30 60

B-C-AE
f

2.609
2.609
2.609
1.463
34.247
3.913
14.067
0.642
79.169
24.391 , ,*
6.090 n̂
18.425 W

,̂ mM9 n
;---w&8G9 i

i&oo.
.X3&SS4' -,.

0.014
0.090
0.090
0.131
4.255
0.135 ^
1.502̂ P̂
Q£JBT

,4
33.W&S?

•̂ %a8.406£OX
lil

'•
'v̂ «423V
:: 0.452
$$& 0.678

0.069
0.069
0.069&
oaair̂

.̂ £raEi8
Wf ô ŝ

0.05î
rf. 0.014̂ :,

,̂;- 6.603 4̂
1.499
1.097

k 2.708
P 0.612

0.173
0.351
0.527

0.011
0.125
0.084
0.114
0.159
0.338
0.135
0.126

*• 72.686
21.253
15.999
28.547
2.605
0.240
0.967
1.451

SUMMARY
SUBSJ9RMCE SOIL - CONTROL - AEROBIC

CHLOROBENZENE TOTALS
(parts per million)

| Time (days) || 0 | 10

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

30 60

B-C-AE

4.46
52.23
104.20
24.51
13.41
1.01
197
58.5

0.13
5.89
98.56
55,19
6.68
0.42
167
60.8

0.01
0.21
8.12
3.81
0.61
0.17
12.92
35.7

0.11
0.63
94.07
44.55
2.60
0.24
142
53.8

[BOOKB-AE.XLW]B-C-AE 9/24/93
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DATA SUMMARY
SUB-SURFACE SOIL - NUTRIENT - AEROBIC

TRIPLICATE AVERAGES
(parts per million)

ATA SUMMARY
SUBSURFACE SOIL - NUTRIENT - AEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days) 0 10 30 60

Para merer 1 B-N-AE

(mg/kg) B ' f
BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1,3.5-TCB
1,2.4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE j
NITROBENZENE ^̂
MCNB ._ -̂

2.837
2.837
2.837
6.702
19.353
4.256
14.802
0.736
290.712
84.384 .«*
14.903 DB
41.822 41

+*&M1 1
'':J2JSf5 1
0.403
*o3ii ̂

0.046
0.095
0.095
0.088
0.297
0.151 j>
0.261̂ §iom
8f$!2 ^
32.m2l±';:

--.^ J6.393SBt.
5*'*«»K11 W
- MK'̂  1
>̂.-?&!®Zi&r

£ 0.481
HI 12.084

0.202
0.123
0.202$,
0̂ ®̂

,̂0,165
Ŝ?-' 03(Hi:

0.3(B:̂
0.214 «fc
83.462 ̂
18.552
19.086
30.820

^ 6.822
0.874
1.011
1.516 -

0.003
0.097
0.097
0.043
0.054
0.145
0.037
0.595

: 126.110
40.671
13.774
46.096
4394
0.263
0.489
0.734

Time (days)

Parameter
(mg/kg)
Mouo-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Toial Oilorides, mg/L

0 10 30 60

B-N-AE

6.70
38.41
376
56.72
7.45
2.58
488
68.0

0.09
0.71
113
51.10
9.07
0.68
175
79.3

0.18
0.77
102
49.91
6.82
0.87
161
54.4

0.04
0.24
167
59.87
4.39
0.26
232
119.0

[BOOKB-AE.XLWJB-N-AE 0/34/03
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DATA SUMMARY
SUB-SURFACE SOIL - NUTRIENT & INNOCULATED - AEROBIC

TRIPLICATE AVERAGES
(parts per million)

Time (days)

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1,3,5-TCB
1,2,4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE ^
NITROBENZENE d-
MCNB .... - ;

0 10 30 60

B-NI-AE
f

2.147
2.147
2.147
1.073
16.872
3.220
12.101
0.677
233.412
78.937
13.809 *?*•
43.317 -:'

• *9,609 ft
—0:756 1
0394
'U077

0.010
0.102
0.102
0.125
0.749
0.187 *
0.340<̂ %"
QJST1"
53̂ 32 *r
17;S73R>V̂

- - s.imfe.
'"•r. 22&41 ̂HH

tK#3F&&' "̂ iîQQCÎ SS., ̂

• . • =0:458̂
0.509 = _

r̂- 0.763

0.098
0.098
0.098*,
Qd9»̂

jŝ Bi0S7
•̂•" 0̂88;,

0.148̂ ^
0.027̂ -̂

'>.̂s 20.944 ̂
4.025
5.168
8.519
1.336
0.319
0.492
0.738

0.058
0.130
0.130
0.048
0.061
0.194
0.036
0.060
45.197
6.953
6.812
9.114
1.333
0.140
0.651
0.976

SUMMARY
SOBSURFACESOIL - NUTRIENT & INOCULATED - AEROBIC

CHLOROBENZENE TOTALS
(parts per million)

| Time (days)

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

0 10 30 60

B-NI-AE

1.07
32.19
313
57.13
9.61
0.76
414
63.0

0.13
1.28 •
71.74
30.51
5.67
0.46
no
68.8

0.15
0.29
25.00
13.69
1.34
0.32
40.78
45.2

0.05
0.29
52.21
15.93
1.33
0.14
69.95
116.0

[BOOKB-AE.XLW]B-NI-AE 9/24/93
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DATA SUMMARY
SUB-SURFACE SOIL - CONTROL - ANAEROBIC

TRIPLICATE AVERAGES
(parts per million)

"_. JDATA SUMMARY
SUBSURFACE SOIL - CONTROL - ANAEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days) K 0

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1,2-DICHLOROBENZENE
1,3,5-TCB
1,2.4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE «*
NITROBENZENE
MCNB .̂

10 30 60

B-C-AN
9

2.338
0.230
0.449
2.691
42.771
4.927
18.165
2.586
239.506
83.319 «
14.486 £3
40.773 ̂

^ , 6.970 V
~ 0*440 1

05146
0*220 .*.-

0.882
2.698
2.618
1.660
130.182
5.305 .+
43.162̂ **
3M%
4I§*S4 4*
I43:«BK̂

•A£̂ .04Sfejfc
* •*ff233 "m
{- -JE323*,:.-v i
?"̂ H9;45T̂
*.,,. 0.202
P̂ 0.304

2.398
2.398
2.39S&,
B̂OS1'

.̂ Wc508
r̂- 33«.

14.70K1--
., 0.335 «:,

, 142.188 «
50.188
8.284

^ 27.991
~ 4.801

0.297
0.163
0.293

1.855
1.855
0.739
0.397
41.638
2.783
11.334
1.357

' 493.532
161.305
22.033
69.283
4.485
0.225
0.124
0.185

Time (days) (| 0

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Tocal Chlorobenzenes
Total Chlorides, mg/L

10 30 60

B-C-AN

2,69
65.86
325
55.26
6,97
0.44
457
203

1.66
179
560
98.28
9.33
0.46
848
270

0.31
65.81
193
36.28
4.80
0.30
300
182

0.40
55.76
656
91.32
4.48
0.23
808
184

[BOOKB-AN.XLW]B-C-AN 9/24/93
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DATA SUMMARY
SUB-SURFACE SOIL - NUTRIENT - ANAEROBIC

TRIPLICATE AVERAGES
(parts per million)

Time (days)

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1,3,5-TCB
1,2,4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE ^
NITROBENZENE *«£V
MCNB „„. &*

0 10 30 60

B-N-AN
f

2.792
0.240
0.302
2.766
42.309
5.063
19.223
0.485
197.736
62.168
8.489
27.150
*4*125 -
' 1i470 3
0.151
0:227

1.415
3.067
3.067
0.662
51.889
4.600 ^
11.4510̂
&£22
2ttti46 *$
68388̂

' •*•••. 10.2f9isfe
ĵ«383 '*Sgt

-̂ 4*169̂
''- 0.205
'•*&* 0.307

1.704
1.704
1.7Qfc.
(WBBP̂

...•i3IW373
* ."-"f.- •7*̂ 5̂*.
i~.. A..ifti/*ftsi:

5.09!2lfe,
,. G.4521̂ ^

r\:v- 162.774 ̂
57.447
7.873
26.459

r 3 7g3

0.212
0.114
0.171

3.081
3.081
0.419
1.008
58.033
4.622
16.279
2.239

* 781.559
251.241
24.378
78.016
9.340
0.492
0.209
0.307

v ;O>ATA SUMMARY
SUBSURFACE SOIL - NUTRIENT - ANAEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days)

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

0 10 30 60

B-N-AN

•2.77
66.59
260
35.64
4.12
1.47
371
160

0.66
67.94
288
39.60
4.82
0.17
401
231

0.17
32.02
221
34.33
3.78
0,21
291
80.9

1.01
78.93
1,035
102
9.34
0.49
1,227
202

[BOOKB-AN .XLW]B-N-AN 9/24/93
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DATA SUMMARY
SUB-SURFACE SOIL - NUTRIENT & INOCULATED - ANAEROBIC

TRIPLICATE AVERAGES
(parts per million)

-. ĵ DATA SUMMARY
StfgSBRFACEiOIL -TWTRIENT & INOCULATED - ANAEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days) U 0 10 30 60

1Parameter 1 B-NI-AN
(mg/kg) 1

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1,3,5-TCB
1,2,4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE ^
NITROBENZENE -^- '
MCNB „ . t* -

0.316
2.070
1.402
2.748
26.587
4.499
13.883
0.399
159.898
51.713
7.272
23.151

r̂*15̂ 60
•*tt2640
QSS35
XJ.396

0.351
2.922
2.922
0.688
29.443
5.738 ;̂
8«(v»«MMft
.Jj-̂ fcH-

0.829
284.238 jA
103.7«r
15.470&,
47.518 Hi
9.654̂
0.310̂ ^
0.196
1.357

1.628
1.628
1.628s,
.OfflŜ

.,̂^̂'̂966
V: Ẑ Wr

4 54T̂.̂-*̂ M.. *,̂5&
, 0.615"̂ P'
207.999 V
74.235
10.190

; 36.239
'• 5.464

0.416
0.111
0.167

1.790
1.790
1.084
0.601
39.057
2.685
9.133
0.953
309.554
106.708
13.223
44.377
5.702
0.335
0.122
0.183

Time (days) | 0

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

10 30 60

B-NI-AN

2.75
44.97
212
30.42
15.86
0.64
307
186

0.69
43.72
389
62.99
9.65
0.31
506
247

0.98
24.96
283
46.43
5.46
0.42
361
227

0.60
50.88
417
57.60
5.70
0.33
532
264

[BOOKB-AN.XLW1B-N1-AN . 9/24/93
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DATA SUMMARY
SEDIMENT - CONTROL - AEROBIC

TRIPLICATE AVERAGES
(parts per million)

Time (days) || 0

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 .4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1.3,5-TCB
1.2,4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE W
NITROBENZENE ;̂ -
MCNB _, V:-<

10 30 60

C-C-AE r
11.242
10.466
10.466
64.513
81.797
15.698
92.068
0.700
96.943
30.779 ^
10.098 :s*$
16.260 ti

,«*:*ZS29 %
y $336 1

0&2Q
&080 'v

0.157
0.244
0.244
0.725
1.402
0.366 rf.
0.982̂ -%̂
2<*326:'"'
19821*9 *
37.60. ?a*

-̂•46.75$̂
? "̂ 0̂ 850 H!
:; .J&»̂ .1
H'̂ .$9£695̂
.̂- 1.247
v̂ i 1.871

0.027
0.016
O.llCfe
0,0$$̂

.̂ ^̂ 8̂
-̂ ••'•ô gfe.

0.12**=!®;
. 1.381 '̂ V

•̂•' '234.385 *%'
38.753
36.837

K 50.855
v 4.242

1.180
2.873
1.462

0.113
0.113
0.018
0.787
0.118
0.349
0.274
0.380

- 24.179
6.974
5.027
4.583
0.823
0.188
0.562
1.568

SUMMARY
IS2DIMENT - CONTROL - AEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days)

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

0 10 30 60

C-C-AE

64.51
190
128
26.36
2.83
0.24
412
48.8

0.72
2.75
237
89.61
4.25
0.70
335
140

0.08
0.37
275
87.69
4.24
1.18
368
64.6

0.79
0.74
31.53
9.61
0.82
0.19
43.68
48.8

[BOOKC-AE.XLW]C-C-AE 9/26/93
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DATA SUMMARY
SEDIMENT - NUTRIENT - AEROBIC

TRIPLICATE AVERAGES
(parts per million)

SUMMARY
'MENT - NUTRIENT - AEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days)

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1,3,5-TCB
1,2,4-TCB
U.3-TCB
1,2,4,5-TeCB
1,2.3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE ^
NITROBENZENE -̂̂
MCNB _ —i

0 10 30 60

C-N-AE
f

0.649
8.742
8.742
15.282
69.153
13.563
77.571
0.051
61.764
25.509 ,*
6.044
12.775 W

.-̂.348 M
•0:114 <
(KBtl *
<m«._

0.058
0.106
0.106
0.1%
0.312
0.158 .̂
0.176~$̂
fk9&~
6S.867 j
163ME5S

** ' 11 .•KnnoTO.-i..

'XKttTT- 1̂*ac»»J-/ f̂ -,, ̂••s-*23«r'
1.262

^ 1.472

0.035
0.068
0.09%
Ô HF"

...̂ 3̂46
r '•• v' cm̂

o.î .;
0.117̂ ^̂ -L
129. 186 T,
21.872
25.234
37.498

** 3.815
0.433
4.002
3.838

0.097
0.097
0.031
0.931
0.109
0.315
0.265
0.175
27.828
7.065
6.739
7.871
1.969
0.477
0.483
0.724

Time (days) || 0

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

10 30 60

C-N-AE

15.28
160.29
87.32
18.82
1.35
0.11
283
49.3

0.20
0.65
85.56
29.97
3.88
0.23
120
71.6

0.05 -
0.33
151
62.73
3.82
0.43
219
97.8

0.93
0.69
35.07 '
14.61
1.97
0.48
53.74
57.8

[BOOKC-AEJCLWIC-N-AE - 9/26/93
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DATA SUMMARY
SEDIMENT - NUTRIENT & INOCULATED - AEROBIC

TRIPLICATE AVERAGES
(parts per million)

Time (days) || 0

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1,3,5-TCB
1,2,4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE 4
NITROBENZENE r̂
MCNB '- ;**

10 30 60

C-NI-AE
f

0.863
9.226
9.226
19.430
91.590
14.847
102.481
0.605
125.909
44.301
16.267 >r.
17.989 *?'

-;V 2*286 "'>.•'
<r!\̂ -<£222 ^

2J2I7
&667

0.057
0.074
0.074
0.095
0.262
0.142 ^
0.071̂ fff
(WET'1"
29S37 ..f-
7.3$!ilî

'.'...:':>'. • 3.D / jl-'gfQvf&t

«̂S7I "*S
Ĵ Ŝ R̂  "̂

vv̂ r̂i69̂
«'-?/.- 2.033
'4̂  2.099

0.071
0.107
O.lOfe-
0034̂

•̂•'03K-
0.1607̂
0.545̂ **

-307.281 ̂
55.573
77.170

• 121.407
5.107
0.709
5.163
2.139

0.096
0.096
0.032
0.858
0.117
0.397
0.283
0.194
£2.705
6.685
3.454
5.353
0.639
0.145
0.477
1.544

SUMMARY
DIMEK&- NUTRIENT & INOCULATED - AEROBIC

s!<«JSs *

CHLOROBENZENE TOTALS
(parts per million)

Time (days)

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

0 10 30 60

C-NI-AE

1-9.43
208.92
171
34.26
2.29
0.22
436
48.7

0.10
0.48
37.58.
14.55
1.30
0.17
54.17
131

0.03
0.37
363
199
5.11
0.71
568
66.1

0.86
0.80
29.58
8.81
0.64
0.15
40.83
52.1

[BOOKC-AE.XLW]C-NI-AE . . . _ _ . . . . 9/26/93
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DATA SUMMARY
SEDIMENT - CONTROL - ANAEROBIC

TRIPLICATE AVERAGES
(parts per million)

ATA SUMMARY
SEDIMENT - CONTROL - ANAEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days) |j 0

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1,3,5-TCB
1,2,4-TCB
1,2,3-TCB
1,2.4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE ^
NITROBENZENE -*&*?=
MCNB _ \ «

10 30 60

C-C-AN
?

3.235
3.205
3.205
19.510
30.262
6.265
31.186
0.039
19.582
10.638 &
2.476 «8
6.782 li

«C3=Q37 1
0.086 1
COTS
0̂32*̂

3.999
3.256
3.256
37.822
58.841
4.883 ^
63.44SS2P
(Has
4&230 ^
23.1&6Ŝ

L .- •:- 4.18I€&̂

rS«t519«l
--
2̂ :̂ 30̂ '̂
r̂  1.022

1.205

6.674
3.112
3.112*
51$W

-̂80:406
^̂  12̂ 8̂.,

QO TJe***̂oy./ctt..̂ .
~ 0.117'̂ lift

t-v: 37.149 ̂
20.454
4.444

i 9.763
^ 3.594

0.352
4.595
0.314

3.443
; 2.451
1.106
7̂.992
47.974
4.897
50.612
0.121
56.374
29.506
4.680
14.629
2.571
0.178
0.164
0.247

Time (days)

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

0 10 30 60

C-C-AN

19.51
67.71
30.26
9.26
2.04
0.09
129
101

37.82
127
69.52
15.70
3.11
0.30
254
107

51.13
182
57.72
14.21
3.59
0.35
309
98.4

27.99
103
86.00
19.31
2.57
0.18
240
86.8

[BOOKC-AN.XLW]C-C-AN 9/26/93
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DATA SUMMARY
SEDIMENT - NUTRIENT - ANAEROBIC

TRIPLICATE AVERAGES
(parts per million)

Time (days) || 0

Parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1 ,4-DICHLOROBENZENE
1 ,3-DICHLOROBENZENE
1,2-DICHLOROBENZENE
1,3,5-TCB
1,2,4-TCB
1,2,3-TCB
1,2,4,5-TeCB
1,2,3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE .«•
NITROBENZENE <>-
MCNB

10 30 60

C-N-AN y
8.771
3.289
3.289
53.115
72.849
13.955
77.600
0.198
40.924
20.760
6.367
11.762 i
2̂ 43 '-.
0.519
1.314
UMO

3.449
3.201
3.201
40.039
90.534
8.329 ^
110.586?"$*
0,*983̂
69:255 4
3l38£.3%*

,-' ,18.975|Jik
-•3g&fe666

.•3(&*25̂K:.. *#

-•-*$$098̂ '
- 1.899
«& 1.897

6.721
3.014
3.014&

'̂ISSSfc,
102. Hl̂ .

. 0.102*̂ :̂
: 58.082 "*»
27.630
4.389
12.340

-•' 4.044
0.375
0,203
0.305

4.294
2.860
2.860
41.522
82.717
12.695̂
94.574
0.112

: 63.569
24.796
10.206
16,389
2.331
0.149
0.193
0.289

lp- .1DATA SUMMARY . _._ -
SH)IMENT - NUTRIENT - ANAEROBIC

CHLOROBENZENE TOTALS
(parts per million)

| Time (days) || 0

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Chlorides, mg/L

10 30 60

C-N-AN

53.12
164

61.88
18.13
2.54
0.52
301
99.4

40.04
209
101.62
43.64
9.72
6.10
411
112

53.05
209
85.81
16.73
4.04
0.37
369
112

41.52
190
88.48
26.60
2.33
0.15
349
108

[BOOKC-AN.XLW]C-N-AN 9/26/93
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DATA SUMMARY
SEDIMENT - NUTRIENT & INOCULATED - ANAEROBIC

TRIPLICATE AVERAGES
(parts per million)

\j-TDATA SUMMARY
NUTRIENT & INOCULATED - ANAEROBIC

CHLOROBENZENE TOTALS
(parts per million)

Time (days) 1 0

parameter
(mg/kg)

BENZENE
TOLUENE
ETHYLBENZENE
CHLOROBENZENE
1,4-DICHLOROBENZENE
1,3-DICHLOROBENZENE
1,2-DICHLOROBENZENE
1,3,5-TCB
1,2.4-TCB
1,2.3-TCB
1,2,4,5-TcCB
1,2.3,4-TeCB
PENTACHLOROBENZENE
HEXACHLOROBENZENE A
NITROBENZENE ^V5
MCNB ... % :r-

10 30 60

C-NI-AN
f

5.114
3.050
3.050
39.917
60.500
11.905
61.063
0.774
43.484
19.113
5.768 ,
9.870

-̂'2.715
. &̂Q63

OC207
•0311

1.710
3.212
3.212
32.925
77.037
4.818 ^
84.7973P
0.085
7.399 ^
4.770 'i'̂*
1.647;̂
5.410 îS
1.433̂
0.099̂"
0.904
1.263

1.050
3.126
3.1%
imsẑ

i v- 13iŜ
"v.ysi*M̂
0.238̂ 4̂
49.848 11
24.299
3.801
11.354

^ 3.696
0.145
0.212
0.318

1.410
2.794
2.794
25.869
77.614
12.270
85.616
0.119
48.735
24.783
6.021
14.123
2.338
0.131
0.189
0.284

Time (days) H 0

Parameter
(mg/kg)
Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-

Total Chlorobenzenes
Total Oalorides, mg/L

10 30 60

C-NI-AN

39.92
133
63.37
15.64
2.72
0.06
255
98.7

32.92
167
12.25
7.06
1.43
0.10
220
118

29.99 _.
202
74.39
15.15
3.70
0.15
326
109

25.87
176
73.64
20.14
2.34
0.13
298
108

tBOOKC-AN.XLW]C-NI-AN _ 9/26/93
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Ĥ

—

~

-̂

" -;

s

^

^̂

^

LU
EN
E

P

cs

r*
— M
CN

—

-*

—

;̂|

!':3
Ocs

~-

rf

HY
LB
EN
ZE
NE

S

Tf

m
2

""

cs

cs

\o
j.

" i

•j

«?00

'i

cn

Tf

U3

LO
RO
BE
NZ
EN

Xc>

ĉ
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•ŵ
V*

•rt-

CS

UJzû
2

-D
IC
HL
OR
OB
E

Tf

CS
*~4

VO£

cs

cs

w

^

cs

cs

U]
2
UJ
SI
2

-D
IC
HL
OR
OB
E

cn

m_«

§
r-"
W4

^

CS

*n\c

•s

cn*q-
•OC<«r

o\

cs

UJ
2i]
S3
2

-D
IC
HL
OR
OB
E

cs

o\m

otnoo

cn

o

Tf

...

«;

—4

»H

cn

CQ
J
iin
n

csr̂

2

S
Tf_

m*
00
CN

OO
00

^
00

1
cn'cnwn

..;£

cncn
m"

m

Tf

CQ
J
i
Tf

N

CN
CScs_
cn

oo
c"\
o

oocs

CN
CS

•"̂

•̂ &l

(J-SB;
*g

^
1
1

0̂

(S
CSoo

o

— ,

fflJ
tcn

CN

O
Tf

cn

8r̂
Tf"

r-

VO

S-̂
-*•w
^
''•!

1 S

.>>»
i«"

mcn

o

-«

ffl
Uo
ŵ
Tf"

CS

5\
°°.tn"

st̂
o"m

O
CS

^
s-1

'K. :

t**«>
••H

.̂s

i

—— ,

„

ffl

U0
Tf̂

cn"
cs

00s

VO
00r̂
cs"

vo

•"*

"!

:TT]
-WH,

CS

o

o

UJ
2
UJ>a
2
LO

•I
TA
CH
LO
RO
BI

f~u

cnm

csCNcn

— «

•O

1

CN

O

O

U3
2
UJ
*J
2

KA
CH
LO
RO
BE

B

ONm

Tf

CS

in

-#.
"'f
o\

1̂
"'';•$

'.̂.*••
;:f
*
W

IT)

in

m

•R
OB
EN
ZE
NE

2

oooo

s\

00

i!

oo

;̂
\o

oo

oo

o

CQ
t.

*e

2

§x:
1-3
Ou

fiR308266



s
SB?

ly/J

o
CO

31
_J
a*
5
CO
CO
D,§
D
Of

S
<
SC

US

-4̂

7-
^

Q
UJu.

S1?
Q

o

Q

St?
Q

oen
cs1
O

o

Q

'3f%
-
g,
Cl

>4

s>,
Q

o
fr
D

*

UJ1
5
Pw

-

s
™*

cs

vo

*
^

0

^
cn

Tf

6
S

cncn

CN
CN
oC
vO

VO
CS

S

c?

4T
J

e*tf
§
!2
H

S

m

5

CNtn
cn"

cn

oo"docn

o\

oo

i
—4

'*

^
•

$

iy

Tf

r*

*C
H

o
**!
CN

i
m"\o

cs

.

cs

s
•

. 4

S

—*

•

—

ire

DO

8.

VO
OO

cs"

"*

1
.̂
.̂]

•™«t

o

o

(Q1

cncn

gcn

O

r*

a
I
'!

«

O

O

i

U
X

cns.
Tf"
CN

cncncn
r*"mtn

moo

cs
VO
— M

r--
Tf
Tf

5**
V*

1
^
o
OQ

a

CS

^

CA

S

|

15
U
3

Is

-J
O

SR308267



UWGEflS \,_X MECNERSCOfiKTAVTS

RESULTS SUMMARIES

flR308268



Figure 2
SURFACE SOIL - AEROBIC

Total Chlorobenzenes and Total Chlorides vs. Time
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SURFACE SOIL - ANAEROBIC

Total Chlorobenzenes and Total Chlorides vs. Time
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Figure 4
SUBSURFACE SOIL - AEROBIC

Total Chlorobenzenes and Total Chlorides vs. Tune
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Figures
SUBSURFACE SOIL - ANAEROBIC

Total Chlorobenzenes and Total Chlorides vs. Time
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Figure 6
SEDIMENT - AEROBIC

Total Chlorobenzenes and Total Chlorides vs. Time
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Figure?
SEDIMENT - ANAEROBIC

Total Chlorobenzenes and Total Chlorides vs. Time
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CONTROL - AEROBIC
Total Chlorobenzenes and Total Chlorides vs. Time
A = Surface soil, B = Subsurface soil, C = Sediment
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NUTRIENT - AEROBIC
Total Chlorobenzenes and Total Chlorides vs. Time

A *• Surface soil, B « Subsurface soil, .C = Sediment
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NUTRIENT & INOCULATED - AEROBIC
Total Chlorobenzenes and Total Chlorides vs. Time

A «= Surface soil, B = Subsurface soil, C = Sediment
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CONTROL - ANAEROBIC
Total Chlorobenzenes and Total Chlorides vs. Time

A — Surface soil, B = Subsurface soil, C = Sediment
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NUTRIENT - ANAEROBIC
Total Chlorobenzenes and Total Chlorides vs. Time

A = Surface soil, B = Subsurface soil, C *= Sediment
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"̂̂ '•'"̂ r̂ -̂...- "
i-sA'- TotCI *"''
S\ ' .'̂
%f \. r %
:̂Z. «•:'••"> :"

3%̂:"
•*:

^ ——————— ̂-^

1

/ \

\

/ \
X \

r

«K$%

— ... X — —— ..._ ...̂  —— li:::.' —— ..\
.*£*

.*'•;» . ' ' %̂'?%;

v̂;..:--. .

v̂ ~ .̂
„

%̂ >
:̂,

-̂ **»
- ;'̂  ,UK

\ ^-' 1

, ' ' ' ̂------^--- Tc
\-«-"*

%̂ -̂

"̂ £&i...
H"̂ *̂..

, '3g$*#*k. ̂
k -S'̂ '̂̂~̂'
•,';.Af "'
i' '-̂-. , y

—————————— ̂L- ————

. .

t'

B

^
//

-̂ ±HÎ .--- »x-" ; —— ——i
•

k

^̂;,,̂'̂.,

Ŝ1" "$$&*<
\: ^ , '•;' •

®^ ' \ "9
\ .<,

- - " ' V\
;.' ' ^ '

1̂
/

,'

---_-_

^
TotCBx̂
^

/
f

f

'-'"

\
\
\
\
\

. — ._ _^

^

^̂

^̂

^

——— € — TotCB ———
————————————— _4

— - ijU.U

I«A n ,h L C C

d 
Ch
lo
ri
de
s,

 mg
/I

oinn n J-N

L

- 50.0

n n} w.u

) 10 20 30 40 50 60

Time, days

—— • —— A -TotCB —— * —— B- TotCB

- - -A- — B - TotCI - - - o- - -C - TotCI

• C - 1otCB ---o--- A -TotCI

[NUTRIENT.XLW}ChrtN-AN fl D O n O n ̂  ̂  9/26/93



NUTRIENT & INOCULATED - ANAEROBIC
Total Chlorobenzenes and Total Chlorides vs. Time

A — Surface soil, B « Subsurface soil, C - Sediment

3,000 n——————————————————i—————————i—————————i—————————i—————————r 300.0

250.0

•——A-TotCB ——*——B-TotCB ——•——C - TotCB ---o—-= A - TotCI

---o--- C-TotCl

200.0

150.0 -g

6
"Is
£

100.0

50.0

0.0

10 20 30 40 50 60

9/26/93
H noudd oI



ATTACHMENT 1«B

CHLOROBENZENE SPECIES COMPARISON

SR308282



3000.00

2500.00

2000.00

6
E

«Jsi
H_o
U

1000.00

Tri

SURFACE SOIL- AEROBIC - CONTROL
Chlorobenzene Species vs. Time

[BOOKA-AE.XLW]cSpecies

I Mono - , i I Y

10 20 30 40 50 60

Time, days

Mono ——•—— Di ——•—— Tri ——*—— Tetra ——E—— Penta ——c—— Hexa



SURFACE SOIL - AEROBIC - NUTRIENT
Chlorobenzene Species vs. Time
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SURFACE SOIL - CONTROL
Total Chlorobenzenes vs. Time
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SUBSURFACE SOIL - CONTROL
Total Chlorobenzenes vs. Time
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SEDIMENT - CONTROL
Total Chlorobenzenes vs. Time

10 20 30 40 50 60

Time, days

AN-TotCB ——*—— AE-TotCB - - - D- - - AN-TotCl - - - A- - - AE-TotCl

ICONTROL.XLW]QirtC-C



SURFACE SOIL - NUTRIENT
Total Chlorobenzenes and Total Chlorides vs. Time
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SUBSURFACE SOIL - NUTRIENT
Total Chlorobenzenes and Total Chlorides vs. Time
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SEDIMENT - NUTRIENT
Total Chlorobenzenes and Total Chlorides vs. Time
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SURFACE SOIL - NUTRIENT & INOCULATED
Total Chlorobenzenes and Total Chlorides vs. Time
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SUBSURFACE SOIL - NUTRIENT & INOCULATED
Total Chlorobenzenes and Total Chlorides vs. Time
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SEDIMENT - NUTRIENT & INOCULATED
Total Chlorobenzenes and Total Chlorides vs. Time
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